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SU~’ll’1ARY

The purpose of this research program is the development of high

brightness field emission sources of both ions and electrons suitable

for use in information storage systems. In particular , field electron

sources of various types of materials and modes of operation along with

gas phase and liquid film field ionization sources are being examined .

Fabrication procedures for producing single crystal emitters of

lanthanum , cerium and samarium hexaboride have been developed . Field

electron emission characteristics such as energy dist.ribution , noise ,

emitter life , and 1(V) characteristics are being examined . Improved

methods of fabricating existing thermal—field electron sources such

as the zirconium coated tungsten source are also being developed.

A now type of electron emission source emp loying liqu id gallium

fo rmed  i n t o  a cent’ i-u haped st ru e tu ro by an app 1 i ed e l e c t r h  fi e ld appc ’a rot

capable of very intense elec t ron emission . Thus far only a pulsed mode

01 om i s s i o n  has been observed w i t h  e x t r a o r d i n a ry  h i g h  peak c u r r e n t s  of 50

ci 100 A in  10 m;ec p u l s e s .

Soui rt  e con f  i gu r a  I i on  clove I opmeii t and cmi ss ion chara  c t or 1st it ’ st cid i es

l i ve been c a r r i e d  out  f o r  gas pha sc  fie ld lo n i z a t  ion u s i n g h y d r o g e n .  A

S o I I r c ( - hr ig i ) t n e s s  of 10” A sr~~ cnu - has been m e asu r e d  f o r  11 it  Ii )

em i t t  or t empe r a t  t ir e  of 77 K and hv d ro gon p re s su re  of I x I 0 t or  r

A I I qu hi m e t  a I f i e l d  evapo ra t ion sour c ’ e emp l o y i n g I i q t i  id gal I 111) 1) i n

I Soil r e t ’  c t i n f  i gu m t ion  s m i  t a r  t o  t lint used in the ele c t ron em is ot io n

s t I l t !  l O o t  o x h i h i  ted a very large (en. 10 to 100 cA) and s t a b l e  ion  cu r r e n t

of ( N1
+
. ‘lb  i s  sat i r e  e l o o k s  ye cv p ron lot i ng as  a h i g h hr  i gli t no ss s o u r c e  t ’ I

l ori s ant I  w i I 1 he I uuv. -ot t ig , I I  ed i i i  gr e l t or cit - t a i l
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I
- SI~C’l I ON I

INTRODUCTI ON

This  repor t  desc r ibes  p rogress  made d u r i n g  the  f i r s t  3 month

per iod  on a research  p rog ram aimed at the  d e v e l o p m e n t  of h igh b r i g h t —

n ess c ha r ged pa r t i c le sou rces s u i t ab le f o r use in in f orma t io n s to r age

sys tems . In p a r t i c u l a r  tile charged particle source and focussing

sys tem envis ioned  f o r  th i s  app l i c a t i o n  mus t  be capab le  of providing a

p a r t i c l e  beam w i t h  s u f f i c i e n t  f l u x  d e n s i t y  and smal lness  of s i z e  to

address and/or read information at less than 0.1 cm resolution and at

- a rate of lO~ bits/sec . Because such requirement s place a severe

limit on the bri ghtness requirement s of the particle source , very few

sources remain in content ion as a viable option for such a memory system .

- The p r i m a r y  aim of t h i s  research  p r og r am is to eva lu a t e  h ig h

brightness field emission sources  w i t h  respec t to t h e i r  po ten t ial  f o r

sa t i s f y ing  the above mentioned requirements for a particle source . In

view of the fact that present high density archival memory schemes in—

- 
‘ elude  bo th  ion and e l e c t r o n  beams t h i s  research  w i l l  he e x a m i n i n g  f i e l d

i o n i z a t i o n  (Fl )  as wel l  as f i e l d  elec t ron (FE)  sources.  I t  is now

~ e s t a b l i s h e d  t h a t  FE and FT a re  the  b r i g h t e s t  sources  p r e s e n t ly  , i ’,’ t i i l

ab le  f o r  e l e c t r o n s  and ions r e s p e c t i v e ly .  A l t h o u g h c o n s i d e r a b l e  under-

s t and ing and knowledge  c o n c e r n i n g  t h e  b a s i c ’ p rocesses ol i - I  and FE have

been d e v e l o p e d  since t h e i r  t i i eo re t  i c a l  f o r m u i  l a t  ion  some 50 ~‘ears  ago

by Opp enh e m e r  1 and Fowl or  and No rd l ie  im • 

2 ant I  t h e i r  exper  i mou l t t i 1 emb ed I —

moot ’ p i o n e e r e d  by [. W . Nil 1 [or , m a ny  q u e s t  ions c o n c e r n i n g  t h e  i r  ii I t !  m a t  e

L 

stil t ab I I  i t  y t i s  s t a b l e  and long I ivt ’d em itt  e r s  rena in.

Spec i t  t e a l  I v t i l l s  r e so l r chi  i s  d l v  id ed  h i t  o t i i  two I o I I owl ng ma cii’

- t a s k s:

1

~ 

—-- - - - - -—--  ___



( I )  F ie ld  E l e c t r o n  S o u r ce  Deve lopmen t

and

( 2 )  F i e l d  I o n i z a t i o n  Source Deve lopment

In each  task new source materials arid modes of operation will he developed

coup led  w i t h  d e t a i l e d  e v a l u a t i o n  of emission characteristic properti os .

In addition , some effort will be devoted to the further development of

exist ing FE sources. The method of approach  and spec if ic measurements

to be carried out will be given in greater detail in following sections

of this and subsequent reports. 

-~~~‘ --~~~~~~~~~~ ---- -~~~~~~~~~~~~~~~~~ -



SECTION II

• A CONSIDERATION OF FIELD EMISSIU. SOURCE OPTICS

The attractive feature exhibited by field emission sources in

regards to their potential use in microbeam app lications is their hig h

bri ghtness. An electron or ion beam brightness B at a given point in

a given direction is defined as the current dl per unit area dA normal

to the given d i r e c t i o n , per u n i t  so l id  a n g l e  d - , tha t  is

dl
B = 

~~~~~~~~~ 

( I )

It can be shown that a charged particle beam whose electric potential

varies from V 1 to V2 cannot increase the ratio of B 1 /V 1 that is

B i B 2
(
~

)
V 1 V 2

which  is the fundamen ta l  expression of the  c o n s e r v a t i o n  of b r i g h t n e s s .

Thus, for a given ~2 the maximum ra te  at  which i n f o r m a t i o n  carried by

a charged particle beam can be transmitted into a u n i t  a r ea o f ta r get

at potential V2 is determined by the b r i g h t n e s s  111 at the source.

Langmuir
4 

showed that for a charged parti ole source exhibiting a

s e m i— M a x w e l l i a n  d i s t r i b u t i o n  of i n i t i a l  v e l oc i t i e s  the  c u r r e n t  d e n s i t y  •I

at the image p l a n e  or at the beam crossover poin t  is g iven by

J = ~~~~~ [i - (l -x )  exp - f e V X / k T ( i - x ) } ]  ( ‘3 )

(x = N s i n ’ O and 0 ‘~ M s in -’ -
— 

I )

Where  M is t h e  overa l l  m a g n i f i c a t i o n  of the  sy s t e m , .J • t h e  c ur r e n t
0

d e n s i t y  at t i l e  source  and c , t he  sem i a n g ie  of c o n v e r g e nc e  in t h e  im ag e

l )l tl fl c ’ or at t h e  bea m c r oss o v e r .  The f o l  l o w i n g  t w o  1 Dii i t i i i , I in’s 01

Eq. (‘3) can he obtaine d



/ eV 2\
J = J ( i  + - -—- - ) sin e , x small (4)

o \ kT
J

oj = — , x large
N

Phys i ca l l y  the  Lari gmuir  e q u at i o n  gives the lim it on the initial t r t l n s —

verse  energy E a p a r t i c l e  can have at the  source and s t i l l  ho t r a i i s—
xy

un ’Ltted th rough  a lens and a r r i v e  at  a p o i n t  on t i l e  image p l a n e  t h r o u g h

a beam semi—c onve rgen t  ang le 0. I t  can  be easily shown that t i l i t

c o n d i t i o n  is given  by

E xy — ‘ \l—x

Since eV /kT ~
- 1, Eq. (4) can be written in te r ms of  t h e  hr ig lltnt- ss

B a t  the  image:

J eU.
B~ 

-
~~~~~ 

-
~~~~~

- 
, x s m a l l  ( 6 )

A n i m p o r t a n t  quest io i l  ,iri~’es regarding t he app l i c a b i l i t y  c i  H .  ( 3 )

f o r  FE and Fl sources  s ince , u i ,’ j o l t  i a l  v o l o c  i t v  c l i s t  r i b t i t  I o n S  a r e

n ot  sc ’m [—Mt ix we h 1 i a n .  W o r s t er
5 

has shown t h a t  i n  g e n e r a  I t I t o  t~~ I a  I

h r  i g l t t  ness in a cv I in t l  r ieti I I  v sy i n m & ’ t n c ’ sy s t e m  is g i v e n  by

j  /eV , E \
= —

~~ 
( + —n ( 7 )

\ 
E~ E

~~J

where E and E are  t h e  a v e r a g e  in i t i a I transverse and norm a  I cue rg i os
t n

of t h e  emitting particles . S i n c e  ~‘V I
~ 

t h e  l a s t  t e r m  cii i’ q . t, 1) is

neg l i g i b l e , g i v i n g

eV~
13 = .1 (8)

ii 
-‘ 

- - - -~~~~~~~~~~~~~~~~~~



6
Worster goes on to show t h a t  the  d i r e c t i o n a l beam In t e n s i t y  at a g ive il

poin t off t he optical axis is g iven by

J eV~
Il, = ~~~~~~~~~~~~ exp 

~~~~~~~~ 
(9)

ti E
t

where  E
t 

is  t h e  m i t  i a i  t r a n sv e r s e  e n e rgy  of t h e  e m i t t e d  p a r t  I t  h e .  [‘or

~ Eq.  ( 9 )  b ecomes  t h e  exp ross ion f o r  t I le  ax i t t  1 h r  i ghi t  h ess g I v e i l  in

Eq.(8).

For S c h o t t k y  and FE emission the values of E tire 7

= kT ( S c h o t t k y )  ( 1 0 )

E t 
= d (FE) ( I I )

where

d 9 . 7 5  x lO~~ -—f—- (eV) (12)
I / 2

and where F and ~ are the app i  f e d  f i e l d  st r e ng t  h I ( i n  V / c m )  and t i e

surface work fun c’ t iOfl (in eV) respt’c t ivel v . For t h e  u sua  I current

densiti es attainable d = 0.1 to 0.3 eV. I n  t h t o  p ;i r ax i il r e g i o n  a t

t h e  c r o s s—over  of a FE elect ron gnu • W o r s t  or6 shloWs h a t  Eq . (9) becomes

B-~ = exp (— r” IN a : ’ ) I I )
t iE

w h e r e  r , a and N ar e  r e s p e c t  i v o l  y t h e  r i d  I a  I d i s p l t i c e m t ’n t  i t  t i c ’ , i ’ t cis

over , t he e m i t  ter radius and t h e  gun  n i t i g i l  Ii lc~~t 1011 .

The L a n g m t u i r  equa t  ions as & ‘ x 1) r c - s sec i h i l  I lie t t~ rm e t  [q s .  ( 1 )  t o  0’)

lead  to seve ra l  i m p o r t a n t  oh s e r v ;i t  ions. Ii  i- st . t i to  li t ’: i m t u r u  i i i  ghtt 11055

and c u r r e n t  dons i  t v  at  t Ile l i l I t ig e  p l ane  i s  dir e ct I v  ‘ h o p i ’ 1011, 11 t o  t l ie

soon - c’ curr ’nt den sity . ~t ’, t mI l v . I or . i  spo t - i t  l ed  v i  h ut ’ ‘‘I eV •



e x i s t s  a v a l u e  of N Si ri ’ above whi Ic h i IN I] I . This means t h a t  t i l l

particles emitted from the source , regardless of their i n i t i a l  e m iss i o n

anglo , reach t h e  image.  F ig .  1 gives p l o t s  of Eq.  (3)  for three ’ values

o f eV~ / E .  For example , i f  eV ’~/ E ~ 
= l0 ’

~ t h en JM ’ / .l I f o r

N - s i n :’ 2 5 x I O~~~. F i g .  2 shows the  v a l u e s  of N and fo r  a spec i f  f ed

va lue  of M2 s i n ’ B and the values  of th le  l a t t e r  above w h i c h  .IN ’/,l

fo r  var ious  values  of eV : / E .  For exanip le , i f  t h e  v a l u e  of o \H / E
t 

= l O ~’

and M = 10 , then , acco rd ing  to  F i g .  2 , .IN’ /3  1 for 0 7 x 1 0 ”  ra d .

On the  o t h e r  hand , if N = 0.01 then  0 0 .7  rad in o r d e r  t h a t  , IM ~~/J I .

For a h l igh b r i g h t n e s s  source w i t h  a small  v i r t u a l  s ize as is t h e

case fo r  FE and Fl p a r t i c l e  sources , a mic rop robe  gun w i l l  o p e r a t e  n e a r

M = 1; thus , s ince 0 gene ra l l y exceeds 7 x 10— g rad E q . ( 5 )  a p p r c t p r i a t e lv

gives  the  c u r r e n t  d e n s i t y  r e l a t  ionsh i p bet wee n t he sou r ce and imt lgc ’ . In

c o n t r a s t  a mic rop robe  gun e m p l oy i n g  a S c h o t t k v  sou rc t ’  w i t h  i t s  lower

i n t r i n s i c  b r i ghtness  and acco rd ing l y l a r g e r  v i r t u a l  source s ize  w i l l

o p e r a t e  a t  or be low M 0.01; th u s fo r  t he  u s u a l  range of 0 ‘~ 0. 1 rad ,

ti le limiting form of the Langmuir Eq.(4) will give the current d ensit y

relationship between source and image.

It should be emphas  i ze’d t h a t t h e  above d i s c - u ss 1011 g i v es t lie max i —

mum c u r r e n t  d e n s i t y  at the  image  p l a ne based on idea l  ( a h e r r t i t  iOI l l c’55)

l enses .  A real gun wi  1 1 • of course , h e l i m i t e d  by t hi t ’  d egree  to  WhI i c ’li

t i le  probe f o r m i n g  opt  i t ’s S’s  t e n  a p p r o a c h e s  t h e  i d e a l  case . A d e t a  i led

cI isc uss ion of the  opt  imum p r o b e  f o r m  i t i g  opt  i c -s  and  ti ( ‘ o fl lh ) a r I son ot

Sclio t t k y anti I -F  soit  r et ’s is  g iv e’n h~’ Ve nek  I ise ’l l  .

In t i le  - t i s c ’  of FE t in i l  Ft sour ces the vi rt o t t !  sou r~’ t ’ s i  t’e i s  \‘ t - l V

sma h I .  Wiesn c ’ r hi t i s  d e t e r m i n e d  t h e  v i r t u a l  sou r ce  sh ,‘ ,- f o r  i i i  e m i t  t~ ’r

shape t1 1)p r ox i m t i t  ed by he sp h i t ’ r e — u l — o i t  I t , i : , o u i . i  I — c l i n t ’  (i~ I I I ’ )  n i t t t i c ’  I dove  I cui’ ed 

-- --
~~~
----- •--“ - -

~~~~~~~~
“. - .- - ‘- ..
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10 6
0 0.2 0.4 0.6 0.8 1.0
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F i gti  r t ’  I . P l o t  s of t l ie  La ngniii I r Eq. ( ) I or t ar l ou  s v i  I t i es
of  e\’ , / kT .



-~~~~~~~

8~uIs ~IAJ



by D v k e  and c o w o r k e r s  ~
10 

Fig. 3 shows a d i a g r a m  and r e l e v a n t  p ar a u u l et e r s

of the SOC m o d e l .  Based on t h i s  model , eq u i p o t c ’n t i a l  s u r f a c es V ( , , :’)

cl ep i t ’t ing ti p a r t  i c u l a r  e m i t t e r  shape t i re  g e n e r a t e d  by

n ii n +I

V (c , 0) = V~~(~~’) 

~
(
~
) — (~) 

] 

P ( c o st ) - ( 1 4 )

where V is  tI le p o t e n t  ii 1 of t h t ’  em i t  t en  s t i r  f a ce  rt - I at ive to the  SOC .
Ut)

y
R 

is tlit’ potentia l on an anode  a distanc e R from center of the sphere

and P (c os:) is t lie Legend re feint’ t ion ci i~ index  n . Tilt ’ va I t ie ’ of ii , whi ie hi

v a r ie s  f rom 0.1 to 0 . 5  for tvp ict il emitter shapes estabh isit es t h e

exter iti r c’one ang le c) a nd is d e t e ’r m inet l  by t he  c o n d i  t i on  t h a t  P ( d o s  = 0.
- 11 0

F ig .  4 gives  tile r e l a t  i o n sh i  II) be tween  ci and C for thit’ I titter coul d it i o n .

T h e  v t i l u e  of V is g iven  h~’
00 -

= V~ (
~
) [n — 

—n—
I] ( 3 5 )

where , = /r . The degree  of ‘‘ n e c k i n g ’’ c i t  thie emit te ’r (set - Fig . 3)
00 d)

i s  d e t e r m i n e d  by — I a rger vat ti c ’s of e’. in Sc’ i t -  l-t S nec k i rig c i t  I he ’

e m i t t e r  shape .  Typ i c a l l y ,  t h e  range  of n anti  t i r e  0. 1 to I). 4 a i ’th

2.0 tO 1.0 respc’c t ~Ve l y. Based 1)11 W i e sn e r  ‘5 resu Its • Figs. ‘i — 7  g ive’

the respec t Iv  c’ sou cc s i zes  for t yp i t ’  a 1 1 v slia petl F’E and F l  soti r t’s of

varying rid i i ant i ap er  t t i r e  ha If nilg I c . ‘I’iie ’ sma 1 1 or s I t:c of t lit ’ [‘I Oc ’ti i t t ’

is dot ’ primaril y t o  a negl I i h i  e F a t  t h e  low ct h i e’r t l t  l u g  t emp e r a t  d i r t -

of the st i l l ret’ and t ue small or d i f f r a c t  ion  I in it of a ir ot  (i ll hea r t . lI e—

1 - t i h l s e  1) 1 t lie i r smti I i  v l r t u a  I s ou rce  Size ’ , pr obe’ f o r m  I ig  g ul ls  t i s i  ng I it ’ Id

i’m ess ion sour ce ’s need not he h ig h  I v  d t ’m t i g n  I f~ l o t ’, h i r s  m l  \ t i t l e ’ ‘ ‘ I  • I t  l I e

t w o  Ic -list ’s tire ’ requr i red . Cuinipi rec i w i  t i i  c - m i h u v e u i  t i o u i t i  I scull ri - c’s t iie t It ’ hI

t ’flt i ss ion  source’ re’qii ires a ri l a t ive l v s h l l l j ) h - o p t  i m s  sVst em.

L _ _
_ _  _ _ _  _ _
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~~~~~~f~?o/ro

Figure 3. The sphere at t he’ end of the o r t h o g o n al  cone m o d e l  d e p i c t e d
in t h i s  f i g u r e  is cap ab l e  of generit ing equi p o ten t i a l s  w h i c h i
c losely a p p r o x  m a t c’ t h o se  g e n e r a t e d  at t h e  s u r f a c e  of a
t y p ical f i e l d  e m i t t e r  (shown in f i g u r e  as the ’ p r o f  i l e  sur round-
ing t h e  m o d t ’l ) . 1°

_ _ _ _ _ _  
_
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120 -  -

E, 00066eV
a 6.2°
7=2 .6

lI’tij F 2x I O 8 V/cm
R Imm

- 

EMITTER RADIUS (PM) ANODE VOLTAGE (kV )
(ci ) 0,050 10.9
(b) 0,100 19,3

90 - (c) 0.300 48 ,1 -

(d ) 0.500 73.5

-8 0 - -

C/)

~~70-  -
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w
C)

~~60-  (d)

0
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-J
-
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1 1 1 1 1

BEAM HALF ANGLE Cm rad )

F i g u r e  ‘
~~. \ i r t i i t i l  s o l i n i t -  Si:’ t vs h e m  h a l f  - l o g i c ’ f o r  a F t  Sc ’ i i t c c ’ i i i ’ II

I i ’ h i 5  u s i n g  SO(’ model and t h e r r i t  i o n  t c r 1115 ~n 1 p t l t  i’d l i v  E l t - s n e r .

S m u t - ,- t emper iti lre’ t i s s t im c ’d  it t he’ 77 K .
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240 - EM I TT ER RAD IUS ( ,uM) ANODE VO LTAGE (kV) E, : 0,7eV -

(a) 0,050 1.09 a = 6,2°
(b) 0 .100 1,93 y= 2.6
(c) 0,300 4 ,81 F = 2 x I O 7 V/c m

- 

(d ) 0.500 7,35 R 1mm 
-

(e) I .OO 13 .1

200 -

180 - -

o’cZ

~~I60 - (a)
D

~~l40~ ,‘.

Ld
C.) ,

~~I2 O -
g

c~~l00~ ‘

20-  -

I I I I I I
0 2 4 6 8 JO 12 14 16 18

BEAM HALF ANGLE Cm rod )

F t  u’,i I c e  C - V I rt era 1 st un cm l’ 5 1,: t ’ vs he’ti nt hia I I - li e, I ~
- c u r ’ I - I  - .- ‘ I l l,  i - - I t

F = 2 x I )  V / c n i  us I t i e ,  SOC mode I and i i ’  u r - t t  I ci ii t ~-r n s
t ’ocipi i  - r h\- W I t - S i l t - n .
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240 - -

= 0.7eV
a 6.20

7 = 2.6
220 - F 5x l07 V/cm -

R : I m m

200 - EMITTER RADIUS (,.tM) ANODE VOLTAGE ( kV )
(a) 0.050 2.72
(b) 0.100 4,83

180 Cc ) 0.300 12.0 -

Cd ) 0.500 18.4
0< 

160 - 
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-
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-
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-
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F = 5 x 10 V/t ’m irs I ii: - SOC moei t ’ 1 .iui I ii i - n t  I t o  t o n us

t u n ip t i  t e d  l iv  W I  t ’sn  c r  •
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For s m a l l  one, I t ’s  C t h e  c u r r e n t  t h a t  d i v e r g e s  i n t o  a so1 id angl t

n O 7 f r o m  a v i r t u a l  source p is given by

= 
t i l  

f l u :’ ( 16 )
ci

d u dor B 1 = — — — —  ( 1 7 )
111

5

The r t lnge  of  va lues  of d u d  f o r  an o p e r a t i o n a l  FE source ex t en d

f r o m  1 x 10~~ A/ S r  f o r  room t e m p e r a t u r e  opera t  ion to 1 x 10— A / S r  fo r
- 

- therma l f i e l d  TF o p e r a t i o n .  I f  a v a l u e  of 30 A is assumed fo r  
~
,

the  source  b r i g h t n e s s  call he d e t e r m i n e d  to be in the range l0~ to  30

A / S r  cm 2 . In the  case of a gas supp i  it’d Fl source  a m a x i m u m  t i n g u l a r

in t e n s i t y  of 1 x 1 0 — I  A /S r  can be o bt a i ned .
H 

Based t in  F i g .  5 v a l u c ’s

of C a max lniun i  source  Fl b r i g h t n e s s  c u t  I 0 ~ to 10 A / S r  cm c a n  he’

&?Xpec’ t c c l

Tab! c’ I summ on i zes t h e  emis s  1,1 11 c-ha  r ae  t e n  1st Ic s f o r  sev er .  I p a r t  ic I t-

sources .  The FE and Fl sources  t i F t  c i  e t m r l v  s u p e r i o r  tm - l i t -u hi e ,li hr ic ’, lit I i ’

is requ i red . However , hee’at ise of t h e  rd at i vo l  v sm~r I I v i i  ut ’s cm f hot hi

d l /d and f i t - i d  cm i ss ion sourc ’es ti n t ’ on I v  sii i tt ihl e w h e n  sma 1 1
5 -

f oc ’ti s sed he-am spot s I zes i no r equ  i red . C t - nt ’  r;i II v • t hit ’ i~ i o i cI c 111155 1 t i ll

~ source’s arm ’ s u p e r i o r  to  i i i  ot iler  so u r c e s  o f  io n s  or electrons c,’ le-ri t l ~-

focusse d  spot size is less t h a n  5000 A.  I n  a d d i t  l i m o , ht - c t i t i s t - I i t I h

emission sourele’s exhIbit ,i snia 1 I c r  energy spre’-id 1 1 1 , 1 1 1  c o n v e n t  j m O l , I  I ‘!li - - ~

the s p o t  size limit dire’ to chi n omti t i t  a b e - r r t i t  i o n  i s  e , r t - . u t  I v  r e ’t l u c emi .

it is m t  ene ’st i ng  t o  n c i ~ e I r u i n  t lie ’ t’ t ’sti I t s  s l i c i wn I i i  i-’j-pi -c . ti nid  7

t h at  t hi ~’ sma l l i s t  i - F  v i r t u a l  s on n e t ’ s u e’ f o r  t l i ’ SOC Sc mcum I occurs for

emitter r ich i i i t t  w it -n 0. 1 lilt 1 . iii . l ’h i s  i s  i n  t i n t  r . u - ~t t o  i sp li t -c i c i i

e m i t t e r w h e n -  f l i t ’ c i m m U [ ,  - sn- i- h e d i r - i t I v  p r - p r  t i c i r t u l  to e m i t  tt -r r , i t l i : i - - .

L I i



l ’ABLE I

TYI’ lCAL C h A R A C T E R  I S TI C S  oi: V A R I O U S  [1.1 C iRI l~ SOURC E S

Angu lar Appr oxiuat e E tit -r cv
B r i gh t n e s s  Sourc e S ize  Br i ::ii t i t - S C  S p r e a d

Source 
— 

( A / S n )  
- - —  

( r n )  ( A / c m  :Sr I (oV)

FE 3 x l0~~ .003 1 x 10 .2

The~~~al FE 3 x 10~~ .003 1 x i O ’ 0

LaB e, Sc ho t t k y Ca thode  10— 1 l0 .2

- 
- 

Fl 1 x 10~~ .001 1 x 10 2—5

Duop l asm a t r o n  — 1 000 IC ) ’ 1(1

The larger source size a t  smal I e m i t t e r  r a d i i  1c m t h e  SOC rn cmd t - 1 is due

to an inc ri- - ice in d i f f r a c t  ion  and c hl r o m at  Ic aberrat ion  c oot  n i h u t  i on

f o r  lower  v o l t a g e  e m i t t e r s .

By differentiating Eq. (15) t he  f i e l d  s t n e - n g t h  F at tile’ e’fl u itter a p e x

can he determined to he

= = 
r~~~~~~

’ 

~0
n~~l + (I+n)~~

_2
fl] (18 )

Tir e’ above expression was usc-cl to c a l - i t  late t h e  t i n t u d t ’ v o l t a g e ’ s  t o  g i v e

l i t ’  l i d  i t - a t  cci f i t ’ Ic! s t  r t -n g t h is l i s t  i- t i i n  Figs. 5—7 . For vol ties c u t

R = 13.1 to I c-n till a p p r o x i n i t i t i -  v a l u e  of  0 is given by

= 0. 6/,- - 147 R t I 1 3 (r n t  1 ) ( I i )
cut )

wlic re- m = U — 44 is time c -one- ha If a n g l  c ’ m i t  t lu e’ru it te’r . F i g s .  S t in c l  11

show p I t t s iii Eq. 17) 1 tin t v p I m - i l  e m i t t e r  shape’s.  l i r e  I ~c ’lel I ne - f  or ’ -
-

i t i c n m - i c m -s  wi t I t thi - c r t - t i s i i u : - - 
- 

, F t i c  t .  I - S l i t  t i - n  r ic h I h e ’t  w i n  . 15 t o l d

It u r n  i - t i n h ’  ohio i nt’ tl ht- s t  a nil  ti  r c i  f ,i hr I ‘ - i t  I o t t  m t ’  - l i i

1 6
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SECTION III

P 1 l I f E R  ~1A f I ; R 1 . - \ t . S F.-\ IIukAl ’ION

T l ìt ’  p l r y s  1 et i  I p r o p e r  t ic’s dc - s i  rob Ic for an err i t  t ~ ‘ r ma le- r in I t i r e ’

I ) h i g h  tens i It’ st rength tc ) w i t h s t a n d  d c c ’ I r o s t at  Ic stresse s, 2)  h i  p- h

re - s i  c i  arle’t,’ t ci spu t  ten ing -intl c on t a m  m a t  11)11 ar i d 3) ii igh me’ It i f le ,  u° jut

to permit therma l t ’li’llilirig . Possible materials p o s s e s s i n g  t h e s e

propt’nt Its c - t i n  he d i v i d e d  i n t o  t h r e e  e ’ a t e -g o r  i c e :  I ) punt - n i e l t i l s ,

2)  lie ’ t e ’ r o g e n e o t r s  c t i t h o t h e s  cons is t  ing of .1 SIt r f a c e ’ l i v e ’ r oti  1 C c ’  I Id cciii —

c i  r:I t ~
- , atldi 3 )  hcor iogeneous tile I t i l  lo Id e’ompound s t old alloys

Of t lie pure- meta I mat en iti l s inve l s  t iga ted  in tI le  past wit i t - hi  sat is lv

th~- above ’  requ ireme’nts , t u n g s t e n  o p e r a t e d  t i t room tempe r a t u r e  or in

he ’ I hernia h — f  i c - I d  ( T F )  m c ide  has proved to  he t i m e  trios t s u i t a b le  u n i t e r  i , i l

‘I’F mode oper ,it ion  has worked sut ’ce - s s f l i  1 1 v w i t h  (100) on ented t irrlgs te ’n

em i t t e n s  by allow i ng elect rcms t a t  i c indcrc ’ ed geometric e’ h m a n g e ’ I c i  re -s ha pc

t i l e ’  em i t t  e r t di a part jeer Itt r end form t hat is St oh Ic a t  el OVtI It ’d t e’itipt ’ rt i—

tort-s. ‘ The m o b i l  i t v  of tim e s r ir f t i i e- t it cmnis a t  h i gh t t ’ i i t p e r t i t  i r r e ’

, , l U s t ’s c i t  lic i de 5~~t i  I t e n  j u g  ‘l:mnrt i ge t i m  ins ttinl I v  hi t -a l  t lie reh v riti into in ilig

a smeiti th tin t i e ’l ean e r i n l t i t - t ’ t h a t  t - x h m i l , i t s  s t a b  I t ’ emis s ion .

The z i n eon I urti e ot i  t e’tI t ui~gs I t O  en t h lo t l t ’  , a I sum o p er t i t  eel i n  ti l t’ ‘IT

rei t l e - , i s  till e’xanlp It’ of’ i im e’ t t ’rmtg e-n e o u s  c a t ho d e  th it i t has  p n c i v m - J  t O  hi’ ,r

p c i - I  i c . I  i-ni itt e’ r. Re’stmpp I v c u t t lie Zr 51111 t t ert ’d I r c u t t r  t I r e  e’flt i t t -  -

.i j ii ’i-t t i c - c u rs by s t i n f : t t e ’  d i i  f u s i o n  I ron t Iie ~ o m i t  t e’r s h i t i n k .

A. i’uiri g s t c l i  i - m 1 I Ic- n V: ihn ie ’ti t It irl

Two pnm ue e’ il ti re’s l i - n I i rig to ci 1g b 1 1 v a It - i t ’d u- n i I t e ’ i’ s i t ,  p u t  hi ,iv m -

bee n m i e - v m - l m m p & ’ m h i n  t h e  p.1st ti m I o r t t t  e m i t  te— rs I r - m e : u t l i l i g s t c l l . C ’t h

m c c l i i  ru’s I two I v - i i rm t u ’n  I r ig  - I - ; I ‘ i t  It -tip - ! Ii m it s i r i g  I e ’ t n v - i  - i I I - - I c i i  w i t ,  -

S 1 ut  t we’ 1 cl od t o  t i  • I I ut ni I i  im~ - i t ’ t W l i t  t i i i ’. I i I - Ini~ ‘ l i t  lot m m .i so h u t  li m o i t

I i

,~~~~~~~~~~~~~~~~ . ~~~~~~~~ _______



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2N N aOH . The ci imeilsions of t h e s i n g le ’ c rystal E b l a n k  t ine ’  2 mm in

l ength (as measured from t ime po int of spot  w e l d )  by .11 mm in d iirrre ’t e ’ r.

E I e c t r c m c h m e m i c t i l  f o rma t ion of t he  e m i t t e r  i ii)  can be ace ’omp i ishmed by

applying a ctmnt i r l u t m u s  n . e .  volta -ge- of 13 \‘ or a d .c . voittipo (emit len

positive) of 9 to 13 V. The former is c a l l e d  the ti. c. ce-if termination

t e c h n  i qcr e and t i t e ’  I t i t t er thmi ’ ci . c . d rop o f f  t e c h n i q u e .  in the  c O S t ’ cml time

a. c . n m e t h o d  t im e  emitter I o nm t i  lion c-out inues irn t ii time- e’mi t t e r  rec edes

from the  scm I ut ion , t h u s t e r m i n a l  j ug  t he 
~ 
rdl c css . l i r e ’  d . c . t ecim ll ique is

te r m i m m a t e d  h~’ qu ick lv (within a few iisec . ) switching o f f  t h e e t c h ing

v o l t a g e  when  t h e  lower  portion of t h e inimersed c-mitten h i a n k  separatt-s

from the blank clue to the etching a c t j c ) t l .

Fig. 10 sht ws t vp i c t i l  e m i t t e r  sh apes forn ieei  by t he Iwo ur oce-ect ’s

Table II give-s tIle typ [ca l  r a n g e  of e m i t t e r  cone ’ h a l  I tir t g l e t inel  r ad  i u s

c h t a  m e d  by t ime respec t i”t ’ proce-dure’s . Large -n  cop -c -  au g los and t’nr it le’r

r t t d  i i  t ire ’  f cm m mcd by t Ime  a . c - . p n u m c - e’s s

TABLE I!

GEO!IETR I C A I .  CIIARAC ’I ’Ei -i I S I T  CS OF W EM l ’h”l ’ [ES F ORNEI )  Il )’ l i-A t P R O C E S SE S

l-n i i tIer Cone- lb 1 f A n g l e  Em l I t e r  A pex Rod his
I ’ nm uc - c’ss (De’g) ( a)

- l . e ’ . se’11 t erminat i o n  - ‘i — l u  . ( 12 — .05

d .c . drt ip cuff 8—10 .1 1 — . Ih

F i g .  1 1  shtows r n  I . e .  p r m m i - t - s s m -d c- m i t  It-n j t i s t  n i l e - n  h t ’ i r p - ’, I m i n i - i - c l

(ti ) and t hen if t c-n the rma l u - v t  I log  t u u  1 601) K (h )  . .\ si  i g l m t  t i t ’m ’ k l t m g  c m l

t i t u ’  i-m i i t t -n can he ohst’rve ’mI in F i g .  I 1 ( h )  if te’r I b it’ t li e - n uiu.i I pr ’ c m - se  i n g .

St ti,.h I c -i -i t liii ii Ia r sb-mw t hi t i t eiii It I i ’m sl t t t l mt ’ anti t,icl I I in t l i t ’ r u m p - i ’

I net ic  at e d  1 m m  I i  - m I t ’ I I - - - r i  l ie ’  c m l i !  I t i c ’ I v I i cm m u l t i  i - eu h~’ hi - ci ’ t c m ’  ‘ t , ’ i e 5 5  -

- ~~~~~- — ---~~~~ —-~~~~~~
. -~~~~~~- - - -- “ _ _  _ _
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h-’Li t c r r e - st erd id ’s w i l l  he aimed a t  d e v e l c m p i i m g  p r ot ’edur i ’ s to I n hmic ti t t -

e m i t t e r  r a d i i  i n  l i i i ’  range- of 0.2 1 ’  0.6 -n i .

‘tungsten/Zinc -on iuni Em i t t c r  Fih r i c  a t  ion

I n  t h e  past Zr bias been d e p o s i t e d  on th i ’  e m i t t e r  by in situ

e ’v u m t u r . i t  iou or by d e p ei s i t  ing  tin o r g a n i c - s o l v c - n t  s l u r ry  c m i  Z r i l -, t in t h e

i’m i t it-n nice h a  m m ic ’a l i v  and t h e n n a  I I  v c l i f f  us i m p -  time fri-c Zr to time cmii i t tom

ap ex. Both ntt’t hticl s hmavo provided long l i v e d  c a t h o d e s  and I m a v e  c e r t a i n

. 1 k- m I l l  . 1  t C .  ‘l im e vapo r de - p c u s  I t ed  m e t h i u d  can he c a r r ie d  o u t  q u i t e

r c l u r c u d m i ~ i b  i v  c o t i m p t r r c ’d  with t i m e  median i ca l  n i e t l i o d .  On time othe r hmand ,
t he’ l i t ten te - cht liqtre ’ i ii m c m l ive ly qui c k ‘intl simp le to perfomnt. Other H

h - d in [ l i m e ’s , su c h m  i s  c i  c-ct m cm l Vt IC and s p l i t  t i - n d e p o s i t  ion a r e  h e i m l g

t x -urn i ticd

C. Rare El rt hi [‘n i d t - [ni l It em Fab m - i-,- t u t  jeTh

T h e ’  h o r i d e ’s  ~ tici c - t t m h id e ’s u m f  ~- - n t i i i l  t r i t i s i t  it’ll ti mid ra r ’ t- e a r th

nc tti I c a r e  he’ I I m ’V c ’ c I  I c i  hi’ ‘ l , l r e  tin rob I ~ c U r  I t t c-n ‘ I I  I c-c Ia is I h t t i  fl 11111 p-C I en

c . i l l C c  ~u f  t h e i r  it j ~ il i t em isi he s t t , - ’ i~. tii t i t i l r t ’s i s l t i n c m - I t ’ e p u i t l c -’n i r l g .  . \ l t h o u g h m

pn u -l iit m in a rv stud ~~t C  m u f  t i l t -  FE c har im - t e ’ ni s t ics cm i this e’ltis s of emitter

m a t e - r i , i l s  c m - n c  - i n n i e ’d cu rl m,, tm v v u - i r e  i g m i  by  El m ns d mll e’t oh ,
15 

simc cess fu l

FE c - r I  Imode’s c t - n t - not d c i - ’  I m u j i e - d i  i r i  n i - i n  I I  \‘ i ’ u c . i i i s t ’ cmi nltl l en i ,il di if l eo  it re ’s

M m  m ,  - nt - - - n t  I v , .in 1,- i il~ FE c-n i I I t - i  hi tr s bee -n me’pcm r t e’d t i m uu p t -n ti to f o r  1110cc ’

I h i t i r i  10 00 h r — i . i t  r i t a t m - r l l i t c r - t i t r i n u .  t inel  t i t  a d i m e - h i  leve’ l um f 1 t u u 2 ~~~ 
H

Sric l t - i h i p - I t  c ’ t i n t , - m m t  l u - v t - i  i s  d i l  I i c t m h l  I - - su s t a i n  even I ~m r  t i r t m g c t  elm il l

TF mock’ u m pe n. it i m m m i .

I n  n m ’ u ~ u - r i  t c m ’ i i ~ i n  t h is I a hon . it , ’ nv 1 S ~~~ It ’ and ri- I I - t h i lt’ me ’t h t m m c i

i i i  f , i l u  r I e u  t l u g  Ii  I gh  ~m tm n i f ~
- c lu g  1 c ’ m ’ n y c  1 1 1 I t t ,11 u -s m i t  I i  [, , Sti R , . and

Ce B4 - b t a s he’e’n el - ‘ V u ’ I mi p ed  
17 Tim I s i i i c  n~ ‘ f lu  ‘V et 1 m i l e ’ m l  t li t ’ I ‘i lii r r i t -ms

-- - 
___



i n i p e d i n g  p r e v i o u s  i m i v e - c t  i p - i t  i on  to RB , (R  = mare- t - :im lh i ) c- n i i t t c -cc , i . e .

t i m e  f a b r i c t i t  ion t f  w I r e ’ :111th l r c ’ r n r , ’ - c e - n i t ’ , ’ i i s  s i n g le c r v — t . I  1 r i i t i l c - r i  1 .  The

m e t h o d  enip l o v e - I , f i r s t  I m e m f t nn- u ’ I  by I’ . I~ - l i ~- oi m am i d ,J. ll i p - c ir t m c ,

l a t e n  by A l t o , c i  t m l
19 

femm L i i i , is r e ’i c ’r r ec i  l u  t i C  t i l t ’ “ in t ’l  i t - n  I l u r x ’

met hod of s i ng l e -  ~- r v s t , u 1  ‘n’ n- t bi . l’h~’ n i t - t I e d c t u m l S i s t  5 , , l  m i x i n g

s tci irh iome t n c  a T  l v  t i m e ’  h - i s  ~~t - i c - n i t - n t  s c m i  l ie  hon i di’ - t m r i m p o c m n c i  , e’ . g

p o w d e r e d  B amid m e t a l l i c  rare ’ - . 1 1 t h  -it - i - i l , in an i n e r t  c-r c rtibl e ’ timid

hea t  i rm g in  an t t m g t m n  - i t  niosp lie re ’ t cu I 500° t . .  A f ti- n c- eitml ing l ime s c m  lid

A l  solvent was  dI ssm uI ~ ’e-d wi th s m u t  hiC i it - R i n g  mi t - e d i t ’ and p l ate—like

s i n g le -  e- m v s t , u  I s  c i i  t i r e - h u u n i che ’ u ’ ti m p t u t r m l e h . Time de’t t t j  I s  cmf t Ime  f a b n i c ’ a t i c m n

p r o c e - e l d m m c -s a n d  r e - s i r  I t s  f em r I i , C m -  tine1 Snu b , time ’ gwc’m~ be l o w .

1. S h i p - i c ’ Cr v s t . i  I F t m h r i o - t i t t o n i  l’ r c u e - e’c lur cs

The’ s t t i  ml  i r ig  itm t t t e n  I t i I s in t i l t  i’ a pp  1 Ic  - i t  i on  c ut I I i i rs mac I hm o ch

e o n s  1st ed of 60 nr e sh i  homom l  powder , i im go I f o r m e d  ~m lu m  m u m , and rur e ’ta II ic

clii ps c f t ime rtt cc’ ettr t Ii r i t e-ta 1 . T a b l e ’  I I I  l i s t s  t y p i c a l  i m p u m  i t  v 1 c - i.e I s

1 c m t Im e ’  s t a r t  lug  m a t e r i a l s  u sed in t i r e ’  s i n g l e  c r v s t t t l p r e - p : t r t i t  [cull .

TABLE i l l

[Vl ,K 1’l’R[TY SI ’EC I  F I CAl ’  I ON S Pt  l IE  V A R I O U S  M A F E R l c \ l , S

M E A S [ i n : l )  BY O I ” I ’ I C A I  l - p - I I S S 1 t 1 N  S 1 u E C T R O C R A P I 1 I C  l l I t : l p - l i ~ l l1S

M: i l  c-n Iti l Im im ui r it fes (ppnm ) 
- - -

Si Mg Fe Co .-\1 Cit N i  i i  C A~ l u  N d

A I irn i  i n u in r  3 I 2 1 ‘- I I I — I I — —
I tint hm tm n um m 300 — 301) - 301) 500 300 - - - -

l l u m n t o i  - 2(1 ‘:21) 250 ‘-:20 — 2 1 ) ‘ 11) 20 100 l O t )  — — —

S a m ; m r i t i n r  l o t )  — 100 - 100 100 - 1 0 0  — — — — O i l  l i l t )

1 ,01 * 100 l iE) - 10 ‘11) — 100 - I)) — — l ilt) —

~
‘
~~5 l i m p -  1 c ’ u ’ nvst , i  I s  I m n e ’ p , t r e - t l

-— —‘--rn—-- — ——--- --S.-- ~~~~~~~~~ -



Ti m e s i n g l e ’ c r i - s t  a 1 g r t m w t h s  we r e  p c - n i c t r n c - d  in  30 ml a) u m i m i t i

h o a t s  p Ii e - t - - I  i n  tt r e s i s t  i v o l v  heated s il  i c o n  c a r b i d e -  g lob a r  i m cimi s c , nittul

t u b e  f u r n a c e ’ . ‘the b cmron  u- ’:i s p la c e d  in 1, ’cr r 4.8 miii d i t t m e t e ’r lmc m l c-s boni-d

i m m  t ime  :t l um i m i mm uirm i m m g o t  and t h e  na me e a r t h  was p l a c e d  on the ’  ttm l ) c - c u t e - n

c ’ f  t he I rlgot . Be f c m  re c ’a c h  r u in  t i m e  growl  h c h t i r n h c -  r w as  t - V . i  cu a t  c-el t imid  back-

f i l l  e’d t o  t u n e ’ i t t m c m s p h i e m e  p r e s s u r e  w i t h  h i g h  p u n  I t y  a r g o n .  The- hmea t  i ng

r o t e ’ was  f r o m  room temperature to  1500° C oven a p e n i c ’d  c m i  6 h m c m u m s  and

m;t i m m t a i m l e d  ttt 1500°C for 8 h o u r s .  Cool ing  f r o m  1500° C to 800° C t e u o k

p 1 ace a t  tile c ’onduc I i ve  c o o l i n g  r a t e  of t in e f u n m n a e- e over  t i  ue ’r I ’ d  of

1, 5  h o u r s ;  f u r t h e r  coo l ing to  room t e mp e r a t u r e ’ o c c u m r n i ’ d  c o n d u c t i v e l v

over  a 2 h o u r  p e r i o d .

A f t e r  d i s s o l v i n g  the  Al  s o l v e n t  wi t h I -id la ug e ’ singit-

cn v s t a  1 p l a t e l e t s  ( t i p p m o x i m t m t e l v  2 mann s q u t t m n e  by 0. 1 mm ant I  some’ I x 7 x 0. 1

mm) f c u r n m e d .  Cubic shapes also 1 tel 2 mm Oil t i side - s-er,’ al so m ,h se ’r’,- c-d

In  a d d i t  ion , n e e d l e  shapes  6 to 8 mm l o m i g  and 0. 1 to  0 . 2  mini s q u a n c -  c’ r , l ~~ s

st -c t  i a n were  p r o d t r e ’ed . A t y p i cal sc-I oct ion of these ’  e r v s t : i  I sh~~’t ’c ,i r- -

siic mwn in Fi g. 12 . Simil ar results were uhtained w i t h  Cc- .

2. S lug It- C rv s t i l  l - v t i  I o t t )  j o t i

0P I i  e t u  I clii i iss toil spec I r t m g r a p h  i t ’ an a I v s i n-C c m  f tire’ Im ne ’im ,m r~ d

I.: ili , sing l e’ crystal s m d  ic’ttt ed , t i cc’ond in g  1 c m  l i i i ’ T a b l e  I l l  s t u n u n r a c v , thtit

r r vsl ,m I puri ty was sil l ie r ii m r to t h i e  s t a r t i n g  r i m  t c m i i i  Is. Siih se ’c iure ’r mt \r i,p - - t

spe’e ’ t r u s - cu pi.- s u n  - u t - c’ ; u r i . i i v s i s  u m i  t I l e ’  t - n v s i t m l s  a f t e ’r I i : i s b t i m m  i t  i t , t i i I  K

showed ‘~r I V I_ ti an d  II. c\ l m h m . i n m ’ l i t  I v  c - v t - r i I l I e ’  ,\ l  Sm ’ I v c - u r t  i s  n c m t O l c , ’ l e ’ c i . i l u l  V

i i im - r l u , m r m t i ’ m I int o tI m e m m m w l u i p -  c c v s t i l s  of Lil t ,

X — n t i i - ’  c l i f f  r i m  t i u u n  piu ’t im r c -’: u i  t h e ’ p l o t  e -l e ’ t n-~i i r I. i c - t - S itm m w t t

hi Fi g. I i I n t l  i t i )  c ’ a ( 1 1)0 )  c l i n i c 1 l i t  pe’n’pt ’nti I t - u i I i i  I t ’ t i t - p i t t  o h  c t  t . l u c-
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X — r a y  d i f fmt i c ’ t icun mf thc’ I u um mg it ’-idinal f : i c c ’~~ cif t ime  nt- ei d lc ’ s t r u i c - t n c r~-s

gave ’ (100) and (110) fad~c-s . i’hus thm e  nec ’dI e t u x  i s , w h i c h  i s  t h e  

dir e - c t  i c u mm , i s  pn t h a h l y  a (1 1 0 )  d i r - c t  1 c m . The s h a r p n e s s  t O t h e  > : — r : i v

d i f f r a c t i o n  s p c m t s  i n d i c t i t e -  r~- l . i t  i v e ’ I v  dc - I c - c t fr e e  s i n g l e -  c r y s t a l

spec im e r m s .

From p o w d e r  n - : — r , i v  d i f t r n - i c - I  i o n  p a t t e r n s a lat  t i c e - co n—

sla n t  f o r  t ine  LaB € i -n i - - s t a i r s  u i  4 .  156 X w t i s  o b t n u i n e - d ; th u s is  in  cx—

20
c c - c l i e n t  a g r e e - i n c - r u t  w i t h  t h e  1 i t e n : i t u r c ’ v a l u e  of 4 . 15 7  X. Si n n I l: ir

x — r a y  exam t i ia t  ion  of  t h e  p r e p ar e d  SmB ; c ry s t al s  g a v e ’  a i t i t  t I d e ’ e c u r l s t t m i m t

0 o 2(1
of  4 . 1 3 2  A al s o  in good a g r e e n men t  w i t i m  t h e  i i t e n a t u l r e ’ v a i t m e ’  of 4 . 1 2 9  A .

In  su m n r a n v , we c -on - l u r d c - t h t t t  t ime I i q u i i d  n - i c - i  ai  I l ux

t e c h n i q u e  of f o r m i n g  smtm II single c- n v s t t u l s of I ,oIi , C c - f l .  ~nd SnOt , is

suu e ’c’e ss iu l  . It I s ~m u m r  ~‘x p ec t : u  t i c m m l  t h a t  sev e n a l  it  i t t - n  r t m n t -  u - i n I ii

hexabdi r ide compounds  wim i cli e’xli I In it t ’ o n g r u m e ’ m u t  I i- n : ne - l  t l og  ii , - xn - rhc tr I des . such

n -ms P r i l , and N d i l , w i l l  f o r m  s i n g l e  c r y s t a l s  h i.  t h i s  t c ’ c h t n i q u u u ’ .

3. Emi tter Fn - ibni c- t t tion

Full tens we-re’ q u i c k ) . -  and d - orm \- ’ c’mm ie’r i t Iv p n c ’ p t u i ’ t - d  by

nui uri u t ing tIme- nc’eci It’ shaped  s i n g l e  c - r v s t t m l b I n - i n k s  on a ) h a t  r h e ’ m m i u n n r

rjhhu m n (0.001’’ x 0.010’’) and fixed l u  it hi.- ‘re - n - iris t u f  n - i sp it  —~ ‘t - l d t - ci

r h e n i u m  s t r a p  t u f  t h e  s , i r i te ’  t h i t - k n t :’ss ant i  w i d t h  (See ’ F i g. Ii ) .  In

acId i I jul11 , 0 h i  nci e r t m l  Ic ’ S  j  -~ was j u t s - i - I cci I t t - i  St - -ui I lie t ill I t  I i -u ’ tun ci r ime-mi  inn -

su p p u m r l  —.1 r~t p. fbi’ t’iit lt t e n -  m u m  i m i t s S’e ’ t ~ , ’  m u l t i  i n e ’ch liv c l i ’ , I n t ’ c l t e ’ i n i i m n - i  I c i t - l i —

I im p -  i n  n - i  5O n - i c - I  l i a n u m  I /~~. iOC I s u m  h i t  It umi - i t  I . S V. ‘Flit’ im u ct ’ m m m m i i i  I r n - - n - u - j u t  n— , I -

re - n - u i - - n  I i . ’ m ’ I ’v’ l t u ’ , i t t i l t ’  u ’ r u i i t  t i c  shmi uc,in i n  l i p . I- c i t ’  1500 K It t ’ lt ’s,—t u i - t i m

3 w t i t t s .
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i i i  ghi 1 i. i n r i l g n m  I f  l e t 1  p hd) I c mii i - - n u n - - n t i l m i t s  m u i  n - u lot II , t ilt l i l t -c .1 i i  -

s i m m u w m m  in  Fi n - ’ . 15 fc m r l i m i t - c - r t m t , u t  i m ’ n r n - m  I cur j c’il t n - l t i um m m s um f t Il e ’ c- mu t t c -n. ‘hil t ’

- ‘ numss d itinr u e ’ t e r cmi I lie’ c l i  i t t  or’ i ntl I m i n i m  is t i l m u m n r  I I 000 -\ ; l m - ’c~-~ - v t - n  , c- l u st-

ii ls pe’c’t ion  c m i  ti m e ’ p ht utt un ruie ’ r u ~~n- -ip Iis nc - k u - i  I s  t I m — m t  l h t ’  u _ m u  t t ~~’c m i s  . m  I t o  l i t  —o~u

e’nel fum rtur w i t  in a cii tinui e’t e’r at I lie f l e x  cuf dun I v 100 A .  Th e’ hu t  i i t  — r i p  I t - it uu re

i s  clue ’ f_ cm I hue’ ti~m ii I ic il i emm l em f I lie ’ cl . e’ . f it ’ hO wit i It . 1m m ) in un - ’. im m y m e ’ uuu n u r

F i c ’ i d  i m i c l u m c ’ e’cI I n i g r n - u I  j Ill ctI t h u  s t m b s t  c i t e ’ d u t - c ’ u m r s  w h I c h  c ’ . i i i s ’S p r e ’ t  c r c - l i t  i n - i l

de ’vt ’ I c upm i i e ’ n m l  d m 1 c c c l t u i  ml p I lil ic ’S. i ’ ht  i s  of  f c c  I is a l e t  I I knutu w m m i m ll e -iitum niu’lic m ll

tit i t l l~~rs  ime ’ e ’i m u r n - c e—el t i m  t i t l v , i u n i  n - i p m ’ I t i  t Im u’ tl c—vt ’1 c - ~u i mc-im t m i t  l m r t l t ’ t  it ’l l I I - I e ’Iti

1 1 ,12
e’tut r ss m c  im c m l  i ’ d  c’s I tic wit m c i i  i t n S t i n t  t u t i v t u  flt - c I t ’  l m . i v  m - c i t - c l  n i h

c— m i s s  i t in  c - tm I’ I 11cm] tc m n - i  m i t t  c r c u w  d’ dmm m e’ .m hc mc m I I he’ c n rm i t t - n t i x  i n-i

S u n  i I n - i c  s l m t i l m e e l  e ’lii i t t  e n s  i t liki li e — c -nm I - m i m i —  I e n - i t t ’tm I l , ’ inn t i m e ,

s i m g l e —  ~‘ r,  s t , i  I t t o e ’ ti I e_’s u u i  Ce ll , t i m i d i  S m u t , . I -’t m r t i m u ’m ’ stuie l 1, - n - n - tuinunc ’eI m t

p n e - p t m  m ’ i nlg emit i l l  ers uI s~nt’c’ i I It ctieh I I tnt li e - i  in ’, , - c m m m  I i tm nm m - ,i

- - -- -
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SECTION IV

ELECTRON n-MiSSION STUDIES

P r e l i n u i n a r y  s t u d i e s  of t he  f i e l d  e m i s s i o n  c l i a r n - u c l e- r i s t ies  c u f  La B 1

s ingl  o c r y st a  is lmave h ee m u c n - u n r  hid o u t .  D i i  f i t ~u i  t i e s  have  been c ’ n m c c m u m m t_ e ’m ed

in o b t a i m n i u l g  r e p r o d u c  i b l e  n - mnd c’c u h e r e n t p a t t e r n s .  In m a n y  c n - i s e - n - d  e ’minls S  iou i

see n -it ’d 1cm be c m c t u m n i n g  f r o m  r a n d o m l y spae ’ed em i s s i o m l  p~ m l s  on t h e  e m i t  I cr

su r f  t ic  c’

F i g .  16 sbt iws t h e  oni miss  ic m n p a t  Ie ’rn f r ’ n - n - i  an LaB 1 c-n - n - m i tter .ifter 5eV—

era I t c- r ipe - r n - i t u nc c ’s’,’ I c ’s a b c v t ’  1800 K. These’ pat t ca n s  1~’ , - nt c ’b 1.1 i mu - mi  I r t m m i i

t he s . in m e e m i t t e ’ n as  shown in  F i p .  I~~ . ‘H u t ’  i u i . ’ t - r m n - m p p i m u g  c i r c l e s  c u f  e ’n i l s s i i m n

ta ut on I i- be’ ce-n- p 1 mi mled in terms cm f sma 1 1 (at cumul i c’ s i z e - d ) p n mmt rum s i c u l  s ~m m i

t h e  e m i t t e r  surface’ whic’h preferc’mu t in -i l lv  e m i t  clue t m  l o c al  f i e l d  e n h a n c e -—

me-nt . The oven  l a p p i n g  c ’ ir c  I c’S c ’  f c -ni Iss ion  S m - n c  umb sc’rvi ’d to  c’l m a muge

I m m m s  i t  icmmi w i t h  I e iumpen t t u r  mc - eye I I mle

The aft m me’m c-mm t i oned mu - s i t )  t s we-nc ’ u s t in t  I I ‘~‘ , u l m s e ’ c  y c c l  w i t  hi I ow v u  I t  i~~ e ’

(V < 1 000 .‘c m l t s )  e-n m h t t e - r s .  I t  was spee ’ultm teci that tIme ’ & ‘cc .i t ic ’ he’ht :t vic ’r

of I lie p re-v i c umu s c_mn I t t e r g  we me d u r e  to  st u i  I t ’i m i onire ’ t r y  i . .  i n  i t t  i t i n t S  - i t  t lit ’

e m i t  I c r  s u m l n - i c e  d e m o  e ’ i t h m e n  t o  a h u m i k  s t m m i c ’hu Ic - i t t n’- cli I I  c- c h i p  I r u n - n - i

= t un 1 m m  a p n t - f c - r - n t  l t d  c - v t u p m r r i t  i o n  of l t m m i l l i , m i u u i m - m  t i n  h t i c o m i . I t ’

avo id this p m m s s  I hi I it , - su nb s c ’qm m c ’im t em i t t  m - r  h i n - u t m k s  is’,’ i t ’ ‘ m m  l o t n-i  i t i t ’d m t

I m i g h  t t ’ n m p e — r n - m t r m r m -s i t r  n - n c -v, ’ rn - r l hm uti m ’s un  H u n  t o  I o riit in~’, the 1 ip .

Fi g. 17 i s n - i se ’qui eimc e cii F i - M  p tit t ,‘rns m u h t  n- i m e d  I n e-i a Ii i glmm - i - . m tm It i n - i ’

In - il l - emit Ic-c. ltm h t o t m i S  ( u  ) amid ( h )  w e - r e  t a k e n  thu r  i tig t lie t h u e ’ r m n ; m  I m l  c - n - u t m i n p

s c ’ u l u i e ’ ir m ,’ . F r t uri u c \ ’m p c - c sp ’- m - t rc mst ’ ,m~t y  s t u r t l  i c ’s It r,-’n- ms the -I ,‘ n n - n - i n n t -~i t li - it l ie - it lut e

m m  1 , - i  it . - t ’ n u ,’s t n - il s 1 m m  1700 K r u - n - n - m m  It ~‘m l i t i  mm c It- . u n sn ur I n - m m - m - . c\ l m i imt -~ I i l ip -

cmhset ,’ ;mt lim o in  t h e  F I g .  17 p i i u t c m s  i s  t l u m ’  n - m - , ’ m - m s , i I  i n  t - n ’ m l n - c s l t ’ m m  t h I n - m t m’ Umu t ~~m n
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(a) V = 1800 V (d.c.) (b) V = 4900 V (d.c.)

11 1!
(c) V = 8 kV (Pumlsc) (d) V = 8 kV ( P u l s e - )

Figure ’ 17. Fie’ld cl ot -Iron mid ’ n t sc upe’ 1 m n - ttl , - r mi s c m l  tin l u l l , e n t i l t e r ;
(a)  and (h) we- re’ d u n  i mm n - ’. t Ime- early st - un - ’. ’-n - -- of t ii e ’rnm .i I e’ I d ’art h u g  n - intl
tn-ikcn w i t l i  .u d .c . n - u 1 u p I ic’ ’ I vol t ,i ~~ e ’ l u _ u  I t  e r o s  ( c  ) n - intl (dl i.~~’t t

t ak e n  d u m n i n g  t h e ’  I i t  tt’r st up - e -u - u  of t h e ’rn m n - u I m ’ h e - . m m ’ m i n m n -  m u — l u g  u j m u i i s t -

v i e w i n g  vo l  1 - i t ’. The (11(1) p ln - o i u’ i n - n -  I l ie ’  m m ’ n i t  r n - m i  I m l a n l e ’ .

_ _ _ _ _ _ _ _  _ _ _
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betwee n (b) mind (c’) . P h i e t c u s  ( e )  and ( d )  , wlm ia ’h are be-i ieved tut hi- c lc ’a mi

surf n -tc’es , shtmw a tiefinite’ 2 — f c m l d  s ’s- r ime- t ry  c h m a r a c - t e c i s t i e - of a ( 1 1 0 )

emn i e r l tmt ion a l o n g  t h e  e m i t t e r  isi s . It is n - i lsc u d en - tn m c m i the I a t t e ’ r

phot c u n - -i that time (110) p l a n e  (in t h e t ent en of the’ pat  term u ) is a high

weirk f u m n c t  ion. Fronm t l ie’ limi t term m svnmmetn y it en - In be e m u r m e  l u de d  t h a t  t i m e -c

(100) p1 amies , located en t lie t t ip timid btmt t oni c m i  phicm to  (c ’ ) , and t i n - c -  (Ill)

p I n-m it’s , Iu m cn - u t e d em t ime a ight cund left side of t u e (110) p la mm e ’ , n-ire’ a) sc

hig h wonk fUm lc’ ti om l p l a n e s .

As an c~I oc t r,mn cm li t it ’ n - i I s e n - t i  r , - c’ it is des imab I en l e t  h ave 1 hi t ’ 1 , u \ s ’ c ’ s t

lt m w wtmrk f one Li ,m mm p 1 am i e a) 0mg t h e  c’mi I t or n-tx is. It appen -ins I lue - I m u s e - s t

work fei nt’ t ion rep i,un c t-c u r s  in I lie t’c ’rmt or c m f  I lu- t r i l u n g  I e - f o  m m c d  by  I lie

( 1 1 0) ,  ( i l l )  m d  ( 100 )  d i r e c ’ I i o m u s .

Fit t curt- wtmrk cnn cnn i t t  en in - i hr j e ,m t iomi w II 1 he- n-i inted a t  c I d y e  htm l ) op

S o n i c ’ nm ’I i n i m m g  n - in c h  c ’ r v s t n - t h  — ce c- d i im t e c h n i que - s in  o r d e r  t c u  um h tti i mm sp -t - I I  It ’d

c- r v s t n - i I  eh iree’t ions a l o n g t ime ’ e ’n n i t  t e n  n - m s  i s .

tI m e ’ t’ucr ent— v tu It age - ne - I  i t  i mu m iship in’ tm nm time F i g .  1 5 L i it , ‘F cnn-u i t t  m r

is shown i n  i-’ i g . 18 i n  t he f ~n mm cmi  t i m e ’  we I I km m umwn f i c u i c ’ It ’ n — Nt ‘n e ll ie ’ I in ( I - ~ N

p l m ’ t . l i n e -  Fcmw i t - r— Ncm r cili e ’ m u  t -d h u rt i t ion the se m— lb i n g  t lie’ I l i l t 1  e ’ i c ’ , ’ t  reu ml

cu m r t ’ m m t — v u i l I u n - n - c  m ’i- I  i t  i m i m m s l m i l )  i s  g i v e - mi hi. ’

.1 = 
l , n-~ 

t( v ) 
- i S f i  ( — ( m . S i  II ) ,‘h’t/I’) .-\ ,-’ t ’ni - 1 ( 2 ) )

ii F is in \ ‘/cm it t - i in ,-V. ‘h’he ’ cc m crt - c t i m m o  1 , - n i - i — n - 1 (v) ,r mic l ‘ s-i ’ s-) , ic- l u I c l u

a r t  - m l u m  e ’ I m ’  i hu e i i ’ n.i ‘. t - l imi t c-nut in - u I , n - i n c  t n - i l i u m  l i t  t , l  - 
S i c  ‘oI ‘s ‘s- n - i nv lii - in , I i mm s

‘ I  1 1 m m -  , u m u s i l i . m n v  ‘ s ’ n - u n i n - u h m h t’ i. (, I’)~~ ‘ . I t  n - u ‘ s , c l u m c  - n -  = P . m ~ \ i s

- i s su uu ’ u t’ m l , n- u ‘ s - u I iii- , u I = I . ‘m x I I )  - c ni~ s’. i n n -  m u  h I  - i t i cI I n u n - n -  t m m  - i n - i t - u n  p -

I u m n i c m l  t l i t ’ i i n - n - . I’S p 1 k ’) . l i i -  - n - i l m l m ,u I— u n i t  mI t-i. ’ i i  I I m ’ u m ‘ ‘I I u - I ) \ I ml t I - m I u - - 

-

~~~~~ I m  

_ _



-‘- - - -5

“-‘-9
I I

LaB 6 FIEL D EMITTER
ROOM TEMP

‘N. ‘
~~ -9P = I x I O  torr

‘\_ \

IO~
0 - 

\\U,
’-’

\\

- 10.6

lO~ 
-

~ IO~
2 -

. 10.8

IO~~

IO~~2 3 4 5
I/V  (x I0 3 vo It s~~)

Figure- 18. A ntmtim te - n u p t - c u t u m r -  FN p h i l  c m l  l i i i ’ I (\‘) ul i t m i t n - u k c’ m m 1 m m  l i i i ’
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thi-  FN p l c m t  in F i g .  18 i s , n - it  1 c- n - ms l in  p a n t  , dume ’  to  sh mt i d ’ i ’  c h a r g e

Fur lht -r s tu d i e s  i r e  he imig c ’ondu cted  t m ’  a s c e r t a i n  t h e ’  t - met c ’ c m n t n i h c m t i o n s

of space  c l u n - i n n - n - e- ~~~~ mJ othe r effect s in  t i l t -  obse rved  c ’xpen imen t n -i l r e s u l t  s.

E m i s s i o n  c u r r e n t s  as h i g h t u s  1.0 m A  have’ boe’n cubt n-uin ed from a r on - - n-

t em p e ’n n - t t i i  cc- l , n - t I l , in -ni l t te ’r . T h i s  is an ext  ctiocd m ary  l a r g e - t o tn i  1 en - ti m e-n t

w h i c h  would  be d i f f  ie i -r 1 t to  s u i s t a i n  f u m r  in ’s’ l m ,- n g t h m  of time’ in time’ c a st ,’ of

a P e m i t t e r  n - i t  room t em p e r a t u r e’ . c\ f e w p r c - l i m i n a ny  I l i t ’ t e s t s  have- b m - e ’ n u

p e r f o r m e d  on a h e a t e d  (T 1500 K) L m u B ~ e m i t t e r .  Li i~ - t c ’st  r u n s  a t

c u r r e n t l e v e l s  n - n - f  ‘
~~ 300 . n -A h ave be en s u s t ti j mu od f o r  up  to  60 l m r s .  I n  I r o s t

i n s tn -t n c e s  t ime  La B , e n n r i t t e r  d i d  m ie ut uild e n - r g m u  ap p r e - c -  i ab l  en gc- c tm m rm e ’ t  n c  c l n n - i m m g c ’

21due to t h e r m a l — f i e l d  b u i l d  u p .

In  sumnm ary  , t lie I ,n -m P Fe’ scmt i rc  c - has demons  t ma t  end I ha t  i t  can gus tn-u i mm

1 argc-  t n - i t t )  1 c_ u n r e n t  s n - i t  ho th u  r iu cmni m am i d c - I  c ’ v n - m  It ’d t emp c - r i  litre-s . Fum ct  Item ’

s - i r k  Wi 11 he ’ d ire-c - tc- d n - it e’n - -n - t tm h I i sh  iuug pn o t ’c-d um ’ e-s tcm c t h l a  1 mm m’o p r c m d e m c -  I h I t ’

c - m i s s i o n  d i s l n i b u t i c m n s  ,u m i c l  t n - u  e c mm l tm c u l t u e  l t t / l t  c , u t  i c r  in  t ime-  h u l k  n - m s

p r e c i s e l y n -us  p o s s i h l e ’ .
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Pme’l in u itm n -m rv gas lm hman n -c ’ Fi stud ic - s Cu re’ being earn le’d n - m n - m t  wi rh c -is v

to h and It’ gist ’s suc h as II and A. The’ pm inc  i p le  t i m  of  the stud lens

r t - p - u  at c-cl lie ’ cc - wn-us to dc ’vc ’ I op n - i genii that i,-n - n - i ii d p nov ide ’ n- I iii ph jOt e lms it V

bc-t im tif  i ons  u s i  u n - n -  F l .  Aci d i t i o n a l  o b j e c t i v e s  cii the - st initial stuidies

i r e - I , ’  dc - t e -rm ine-  em I s s i 0 m l  c- har ac- t e r i s t  ies  such n - is  ben - mm m o i s t ’ s p e c t r u m ,

n- m n g c m  I n - t n d i s t  m i h u t  i c m n  arid ben -urn b r i g h t n e s s .

A.  F x p e - r  i m u u e m m  t n - i l Ar ran lgemm u e n t

Two Fl sources  w c - r o  b u i l t  ion use on an optical bench n - m d  on n- i

h igh e - m v a c u u m  sy st e m . ln each en - i so  the  e m i t t e r  wn - ts  su n r o u r n d e -d by a N cu

cv i  inder (en-it Imode c’ap) 1 . 5  cm in d i a m e t e r  w i t h  a t h i n u  a p e m l u m n o  c u t  0 , 5

or 1 .0 mm d iam . a t  one end t h r o u g h  w b m i c i t  I he icmn  beam was ex t  r u e  te’d. Time’

a p e r t u r e  a 1 so served as a punm p imu g p o r t  fcm n t ime ’  d y min - mm ii’ n - u s sump ~m I v ,

Ii was cbm o sen  as t u e  gas f o r  t h e s e  e x h i e m n i m e n l s  h e ’ c t t u n - - n - c -  i t

quires a field of 2.2 \ ‘/X to ioniz e’ c - ffi c iemu tl y , w h i c h  is sir’ui i :m n’ t t m

or higher than wlun -tt is require- cl fcmm eitiu e’ r gases semi-li n - ms ,\r , N • 
(1 , cmc

Xc ’ .

The ’ Ii I en - li v acuum st eid y wn - u s ut - u ’  fc n - rm r r c-cl i n  n - u g l t ms s  I I t ’ I  d—  I m n - t i

m i c r o s c m u p e ’  de ’sl g m m t ’ n-i w i t h  n - u u u i c m n s c n - u m n c - c’ s l t u iw im i n  F i g .  1—1 . ‘l ’lie ~‘l c ’ c ’ ,mti uc mu l e ’

cap  c - t n t a in ing the’ hen-tin-i ape -rIo rd f i t s  1 1 p h I  I i. a r ou r ml ch  I lie’ g lass 1 N

r t ’s m -r v t i  i r  n - m u d  is e cuc m lt’ ct I m ’s’ it. liii’ c ’ umn l’ i gu r a t  ion  c it tile ’ s m u umr d ’ m ’ 1,15 sureim

I h -u I m n - n - ms m cm l ecu l e n s  n m - m u l e ’ s, ’ v m - r , u  1 e m i l  I i s  i c ’ m m s  v i  t im t i l e ’  S n - i  I I s  t n - u n- m i r e ’ t ’sc m p I tip

t h m r t i u i g li l ime’ n - i p c ’ c t u m r e - , I hums m ’ i i 5 u i i  i m p  t h n - u t  t h u  n - i s  s u m p I u l \’ I ’ ’ I ii ’’ u’ m i mit tt ’l

wou lel he u I N p- I m - uim l m t ’n, m I mu rt’ . Re ’t ’ n - m u m s c ’ 1 lie’ n - n - c u m m t , , ’ c u r )  I I n- m c i  i I c u ti d i e l mmc m l

pt - m i l l  d i n t mu t - . mi- n - m u i m -u n - um ’ttt m l tI l e’ gas  p t m ’ n - n - n - u t m ’ , r n - mu ’ , i s u m u t ’ n n - i m - t itr -n - c u t  t Ime ’  s o u m r m  t ’

n - i - m i n t ri. w i - re’ i icl m scm I h i t  m i t e  uc i’ssm ure ’ ck ~~u~~ i m i l t u t l i t ’ u n - m , i I u  c 1 c - i ; n - l ’ m - m  - c u r t  l i i

- -- - - - - - 5 -  ~~~~~~~~~~~~~~~ --- ‘-- ---— ----— - -5 - - - ---— - - 
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be e’n -ml ce ilat e d I rum in i kin ,’t Ic time - cu r ’s’ . The u m n e - s s m m r e ’  i t u l i m e -  m a i n  cl tn -mi u m h e-’r was

m o n i t o r e d  wit hi tin ic un I x n - i t ion gauge.

Time ion beam was d e t e c t e d  on a [‘1 l i e n m i t e n -  Sc r e - c - m m • s’tie - r e’ t i m e

talons it ‘s’ c c ’u l d  be m e a s u r e d  w i t h  c-i t i m e r  n-in e n l e ’c t n o n n - l e t e ’n  c o n n e c t e d  L i i  t ime-

scre’e’nm tin w i t i m  a photomul ti p l  ic- n t u be . The p h o t o m u l t  i p i  le n  was in t e r -

laced tc) then sc r een  wit h a light pi pe n - ci mich cou rl d be fitted w ith ‘ s n - m r i c u m n s

a p e r t u r e s  or l enses .  H - was admitted into the scone- c t h r n - u i m g i m  n-i Pd ‘ I e ’ n - m k ”

v i ,m a f i n e l y c ’ on ln o i le d  v n - u l v e .

C e m n r e n t — v o l t n - i g c ’  m e a s u r e m e n t s  were -  mn- ide w i t h  n - i K e i t h l e v  600A

e l e c t r c i n m m e t e n  and a S e n s i t i v e  I n s t  moment  R e s e ’t u r c h  C o r p o n n - i t l o m u  e l e c t r o s t a t i c

v o l t m i u e t e r .  \‘c u l t : i g e s  cou ld be ren --md t im w i t h i n  0.25Z ,mnd s- -re ’ ce ’produ c i lm l e’

to t h a t  e x t e n t .  The phosp h cmr screen was b i a sed  a t  22 V p o s i I i ’ s ’e- w i t h

r e sp e c t to t h e  g r o u n d e d  c a t h o d e  cap  tem r e d u c e  t iut ’  e ’ f f c ’c I s  en - i  s e - c c u m m c i n - i r v

c_ I e c t r o n s .  ‘the who le  s o t m r c e  was sh ic ’ 1d~~d sti that mne asumremem ul s c u t  c u n r c ’ m l t  5

in tim e 1 0— 1 2  ,-\ ra u m ge c c i i  i n - I  be m n - - i n - I c ’ .

Time op t  ica 1 benc h  sy s tem en - t i ns  i s le -cl  m n - f  a n - n - c’ t a I c a s t  i m g . en pc m xv

sen -i led , w i t h n u m e n n - u m i s  c - l e c t m j t -a l  , v n - t c ’uunu , a mid me’t’h m n - t n I c - n - i l f c ’c ’~i n  l u r c u i m n - P c s .

Th en -~vs I  em UI  I I i  z t ’ci V i  lou  ~~~ r i n g s an d was  pu umm npe -d n-c it hi mm -~~
— i n  . (10. 2—eu

d i f f u s i o n  p u m p  t r~-ip pc’d w i t h  i,N . -\ t mn - um kgr c m ui mit i n - n u ’ssu mr c - ~‘ )  ~~I x hlr t , ’nr

was t y p i c - a l  d u r i n g  the ’ c ’xper in n - i n - - n l s .  ‘l Im e ‘p t  l u - n- u I  h m - m m c h  n - u i  l tmw ed t ime ’ 1 m m -n- c - u —

I i o m m iii a var i t - I  y m n - I  c l  e m ’ t r u m s  t n - u i  it ’ I em se’s • lie n - m ini t i e _ I l  O t t , ’ r n-n- • ti p -e m’ t u r n  e n--i

l an g e ~t n- i , f n - u c n - m d ; u y m ’ m m p . s  , and a I m h o l m m m u i  I t  i p h i e’r 1 i u t pipe- . Then u - I c - , t n m —

o p t i m a l  n- ’ mi m p u m n e l mt  s we ’r t -  b e l c h  i n  ‘‘ s - i vs ’ mn - i t -h I t me ’d 1 m m  I u i m n - l m  I t m l m ’r . i mit - e ’s s t

I in n - ut n - il I t ’t mm n - u i m onenl i IS we ’ r t ’  li-i m ’ , u I I t _ I t i m i d  tin n - ux is.

The— u-c cu u i r t - e- ti n-—c e~ h i n  t h e  - p - u t  I m n - i  I l i t- rut - l i w i - n -  sim i I i r  i ll t i c ’ s  i n - - n - mi 1 m m

I b it ’ c m l i i ’  ur m- ci hIm I him ’ lii pu v i m  h u n t  sy u - n - t  ‘ in - i , c ’’, ’ op t  t h a  I I n n -  I b u t ’ 1u i’ m - n -_ c - r u t  I ’ ’ I- n - n - i i t

-5 -— -  5- -- --- ---  —-5--- ’----- -------- 



e’ou I ci nei l lie c - o d u  led - P r t ’s s c mr o  i n  t he n-co ret ’ vc l eirnie’ s-cs measured wi t, in-

G em u e n n - i l  1 : 1 c c ’ tn t’ th e r m i stor pressure - gau ge’ fi tted on t ime c a t h o d e  c a p .

Thc ’ p umi ce- was e’ti I ibm -n-ted with the system the n -i ,, - ourp ic- p - n - i mm g e- at 10— ’ Ieu m n

anti s u b  t h e  svs te mli  ion  c i ~~n - n - e’ at IO~~ t o r n .

l c n - n  c u r r e n t s  were  mn -ueasune ’d  s 1 t I m  a f a r a d ay  cup  b l i s t - e l  I i ’  p~~~
—

V t - m i t  the esc n - m ~~m e’ c u t  sec- o uu dn - m r n- - e l i - c t  i ’’ ’u s .  For scamuiling w o r k  re -p -ui n ing a

f - i s b n r c ’spe ’nsc ’  t hlan t hin- ci e’ctromete’r . tire ’ beanu was d e te c t e d  w i t h  n-i

pimotonmultip lien ttmbe and a h i gh speed s e i m u t i l l a t o m .

A n g u m l - c r  d i s t n i h u t i c m n s  were ’  m e a s u n e d  in t h e  o p t i c n - u l b e m u c h  by

u s i n g  n - i f o u r — p l a t e ’ d e f l e c t  ion system , calibrated liv dc-flee t i n g  an

e l e c t r o n  beam n - m i  known energ\- across two 100 in-rn apentures sep - in -m i-ed by

0.391 cii . The farad-m y cup wn -ms f i t t e d  w i t h  n-m s l i t  n - m p e n r t m m r c’ 1 . 2  x 1 2 . 5  mm

located 40 mm frcmm the emitter. Time a p e r t u r e  s u b t e n d e d  tm s t u l i , I  - m d c  of

9. -S msr and had a r e s o lu t  ici tu c m l  30 ni m ma d in  t h e ’ d i r t  c t ion , u t  c iei  I c - c t  icm il .

The- emitter s used iii these-  expe - n imm ie nt s we - r u -  mm i a d en o f  i n  w i t  I m

rn - ud i i ge n -mmc rn - u l ly 800—1 500 A . n-il though emit tens with radii down tm u 3 ~O ~\

ha ’s’ e’ bc-en m n - e d  . Thin-’ en- i t t  c-cs we’re’ exn-urn ine’d and p lt cm I cmg rn - u p -lied wi t im n - mum

e l  e n -  t n o s t n - t  I h e  t r a n sm i ss  i o n  c’l c-c I m cm li it it’ rcms c-opc- . I r s n - u s  e i m , ’ sc ’m i  l t m r

t h e  cii i t t  , ‘rs  he - en -n -u s c-  tm t~ i t s  ru -s i s t n - u n c c ’ 1cm wmi t er t - t  n- - l i  n - i muc l  i i  s ge - m m t ’ n m

d u r r n - m h i  I i t ’ s - . Wmi rk cl one earl it-c in t im is Iah cmc a r ,u n v has n- ’ , m n m l I r im e - ti l i e ’

n~n - u i ~u i ’ r i i i r i t y  of  I r  e n n i t t t ’r s  1 m m  P m ’ n m i t l c - r s  i n  m m m v  s l t u m , i t  li m o wi i c ’ rt ’ v i m  i ’i’

c ’ c m n l n - m m  i nn -I t i c u n  ni i g h m t  he’ p - n m - s c - i n - I  . \ t ’ m um mm p n - 1 m ’ I stun u t ’ n i n c  ‘c - n - u ,  m I  I c ’ s  m m ’ n- ui I t -

em i t t  u - n  n - umi d  n- i P c -n - n - nit tm-n - m I I c r  0. l — ii  i m p - c-I ’ m ’ im ’ u m i l i  n -n i  m l i ’ s ’  L I ’tm nm e ’ l m t t,- ’ it Ii I’
ll

1 1 )
i Iumcr is shtumw’ti m m  F i g s .  21 ) m u c h  11 . w l i t - t ’ t ’ i t  mmi i ’s’ h ue si -e mi t h u t  w h m i i t ’

I hu e wn -i t c -c  h — m c i  v i m l  era I I v tie c - i l e u ’ t m u  mu t i m e  I I , I t i c  - n- n -’ e n - n - r i I I m - n mc ’ t ’ l , ’ n i n , m u m ,

s i n - n -  c lm -’r n - i cie’mi by st’ vm ’r ,u I u m c e h c ’ r s  u t  mn - m n - n - mi I t mm - I  m - _ \ l l i m ’  I u -st ,m ur t i m 1 i  ‘ in - i I I t  e r

i I
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a t  room I t ’ n - n - i n - u c - r n - i t u n o  w i t h  P
11 

= I 0 n -  t c u n n  sh i n - w e - t I  no c i mn - c n g e - in pt -rI mu m mm m n - cm mc t ’

civic a pc’niod cmi 12 h .

hi . Resui I~ s

I ,  ~ n- ’ m m s i t i v i t v

lom i c u r r e -n t  wtms m e n - i s u i n e d  n - is  a lone l i o n  of H p r n - ’ssuu rd i n

h o t i m  t i m e  cmpt i n - a l  hu -u i c - im and t ime ’ Ii i g it ‘ s ’ n - m c u c m m  S n - s t  em t m m  n - I e ’ t n -  rn - n - i  t n t-  b l u e  S e n - i —  1

t i V it ’ s’ i n  A sc~~ t t m c r n- . S c ’ m m s i t i v i t  it’s we-ce- re- I e’rc - rn - ci- d a t 3 k\’ ,i h t u ’ s ’ c ’ t ime

be - s t  i i n - u n - m p c ’ ‘ s c m  I I - in -n - t ’ ( I I  I V )  tm r 3 k\’ a l m c u v e ’ t i m e  h r e m  k in I bit ’ 1—V e c m c’s’ c ’ n - i s  s i n - , ’s’m n-

in  F i g s .  22 n- intl 2 1 .  At  m ’c i u u n -e t e ’ n - T n l i e r , i t u m r e ’  (2 ’) S K )  sc ’n s j t  i v i t  i n - -s c u t

0 .5 i x l 0  A sr n- t n - m r r  w e r e - n n - e - ms unt ’ch in t in - c ’  l u l u t  ic - a l  bc - m e n - i  s vsle ’rn .

Sc ’ t m sj t i v j t  I c ’ S of 0 . 3  x [Q — 6 A sn~~ t t m r r ~~ bc ’lc~- l0~~ t o r n , r i s i u i g t o

0.7 x l0—
~’ A sc~~ Ic ur n n- n - m t 3 x I0~ I mm cc we-re’ nmc -n -is urc’ ci im i t I m , -  b ight V n - t , m m u mn - n-

s y s t e m . The men -n - son  f o r  t ime  i n c n e ’ n - m s e’ i n  se ’ n r s  i t  i v i t  v w i t h  p r d - s s o r c ’  i n  t i m e -

h i - n - u v a c u u m  sy slt ’m i s  n u m l  ‘s e -b  kmmn - m wri . The g r e - - I t t -n se-as i t  i v i t  - - in ti m e ’

op t  i c a l  Imenc ’ h s ’ s - s t e m  m lm tiy  im t d e m o  1 m m  I t m w — i t m m m  i zn - i I  i o n — p u t t - m i t I I  I c - c un t n - m n m l m i n - u t lu .-

n- n - n - use-s enter jum p lime su ’ure ’t ’ w i t im time H - . A t  77 K I l ie ’  s e - m i S  I t  i ’ s’  I I  n- 1 m m  t I r e ’

l i l p i t  v n - I c n - i u r n n  sv s t u ’m n - c n n --n- mc ’n-m s m m r c ’el t o  h e - 5 x I 0~~ A - -;n  = tocr c u ’ s m - i  t he ’

r ,u m n gc ’ 3 x I0~~ — 2 x 10 I m ’ r r  ( S d - c ’ F i g . • 5 ~~, ‘l ’he ’sc- n - n - - n - I l l s  i n c  s i n t i i , u r

1 c m  w u u r k  mt - c - c - n i t i v  p e r f or m e d  i l l  t h i s  i n - m h t u m n - u I c i r ’ , n - n - i t  Ii n - m m  n - m r r u - , ‘ n -  I m m u m t ’ I n

e’ni i t t c ’ c s  whl e ’re - s c t m s j t  i v i t l e ’s c u t ’ 6 x i t r ’  t i m i d  1 .7 n-- n- h t r  .\ n - n - n  - I~ ’r n  s- - c ,

mc’, m sui red mt 101) m mmc i 1 50 K , me n -n -pc - c - I R e t ’ s ’ .

lu’h t c ’ i i  t i t i  c — t n - i l l  t i n  n - c m — n -  j u i n - t m t ’ c i  0 . ?  mmiii I nt ’ i n - n - I n - u t ’ 1 . u— n - n - i n n - n -  n - m u ’  I m u r m

I l ie ’ n - n - u  - u m s  i t  i v  i t  ‘s’ sun -us I c u t i t i t i  t , u  he ’ - i i m c  ‘ u t  t~~’ ’ - 1 11m ’ -s I t  - n -n- -n-  I b m , m n u  I I n -  - I I n n — I

cmii i l l  en r vii i m ’ I u  s m  s 2 .0 t ’mni I m -  ‘ i ’m I, in - ,  - n - m i m i _ i ’  I t i m ,  - - I n - i t  - ii t - -u u t  - c m  I t  mn - n , c V hI -

u h i r u —  t m - i I m n - n - c  - r c-mum I I i m i t t -  run - n - i 1 I ‘s’ i t  n- • -i l u  — - l i i i  m - I ‘ I I  n-c u s  i n - u _ i l ,  I , - - r n - c t

i - n - n - i  I I I e’ r m m m i  i I m m  r n - n - n - i t  n- Ii ’s’ I I ’  - I i  thu ’ ’ n - , ’m , ‘ n - i t  ‘ i i  n- u i  - I mi nt ’ n - m n - c ’, c tm mn - hi ’ - - n- b u t ’ r i m , u 
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VOL TAGE ( k V )

( : cr~~I~t v u-c ‘ s s u h l , u n - n - m -  n n - t t - n - m s t m r u v h  f o r  t h u c u - t ’ e m i t  1 , - m n - , c m l  v n - m I ’ v i imp

r ic h  i n - i m i c i  it v , u i ’ I c u u m n - —  II  - h m m m - n - s m n - t e s  i n I b m , ’ h i g h  ‘s’ , i c ’ m i u l tmi svsl i -inn .

C u m m r m ’ n i t  I com e ’ n u I I  I c - c s  84( 1 n - m u d  ‘ I I  I w - u s  e x t  r n - m i - l e d  t l m r c m u m g h i
t i p - c a l . O c t ’s w i t  Ii  5 c m  I i i  t u l i p  I C ’S m i t  0. I u~ , i m m c l ( I .  18 sr • r e s p e c t  i v m ’ I v .
l-:m I I  I i ’I  I u~m n - u i m t ’ r n - u  I l i n t -s we - m -  7 ?  K .  i n - I  V I s t I i i -  b e s t  I m m un - u pe ’ ‘ s u m  I t  - m -

, iti t h u -mir ’me- s h u m m m i m l s  I t ’  2 n- -n - II ) - V / c - mn - n - .
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CURRENT vs. PRESSURE 7
AT 77K & 294 K 
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77K
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0.
Ea

. 294K
z V= I5 kV
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iO~~ lO” ~ 10-2 IO~PRESSURE (torr )

F u n - u i’ - - ‘ , . u = m t r i ’ n - m n  vs Imm ’ m - s smmci - I ’ m -  a tm  c - m i t t t ’ r  - i t  77  K m m mc l - u n - tO u i -i - ml

K, n - l u ’s’ I ni mn - t him’ n e  ci- - u s c - mi u e r r t t  - n - i t  , u v , u  i I t u b  I ’  ~i t I t ’s
I t In t j i m  - I - i t , ,  I
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t ime ’ I emwer  s e m i s  i t  iv  i t y  t iny r e - f l e e t  a Iciwer gas p r e - s s n - m n c ’  m m m ’t m r  l iii ’ ape’ r I m i n e ’ .

I t  is to b2 eux p e’cle ’e h t h t t t  , , m t  p r t ’ssucos  c o r respond imu g 1cm t r nc i l e -e ’ m m I , , r  t i c i w ,

t h e  p r es s u r e’ g m a d i e ’m u t  t h r o u g h  t Ime a p e r t u re ’ wou ld  m n - m a i l  e’’-n - t it s t- I I n - ct ~c

d is ta nc n- e c - c m m p a r a b l e  t n - n -  t h e  a p e r t u r e  d it mue n sion s .  TIme max itnuni H ,  I mr t ’ s s n - u  nc

c o n si s t e n t w i t l u  r t ’t i ’ n - n - u i , i l i l u ’ c ’m j t t e ’n  l i t c ’ t t m u cu s sun - is —‘ 8 x I 0  tn - ’nr - mt

294 K.

As mea t  toned previo usl y, sc’mus it iv it ic-s we’re ’ measu re-c l n - mt

f i e l d  s t r e n g th s  of 2 . 3 — 2 . 6  V / n -~ — I 0 to 20.- ahcmve bite BIV — imi cmr tl e ’r t i m

ach i c - V t ’ max in -mum s c ’em re -e cu n r e n l  denim i t n - ’  w i  l i i i a rc ’n - msc m mmn - c h it’ I l i-n - It s i t  b - u n - ’ m

e n d - n p ’s- sp read . At t h e s e ’  f i c ’I d  St ce’ngt his t he’ i en -m u u - umrr c’n t  i s  n u n - t i g h t  1 y

e q u a l l y  d i s t r i b u t e d  b e t w e e n H
+ 

n - i nt l  T h e n  bu n k c u t  t he’ 11
+ 

t - u m r c c - m u t f m  I I s

v i  t h i n  an ene rgy  sp read  of 2 enV n - m m mt h I I re ’  b in 1k n - i f  I l ie H , + 
co c r c - l i t  w i t  It i ii

n -m bo u t 3 c ’V. The f i r s t  , I n - m s o n  peak
2S f t m r  H , + 

c u c e u r s  n - t b t e i t  7 — I l l  c-V i ’ c ’ I m m s ’

the ’ mn - n - in pe n -uk n - m d  is r n - n - l i m e - n  s I n - r n - i l l  i n  i n ten s  i h v  . No Jn - i sein it ’ , m k  I S  n - - n - c - u - i n -

- +
I c m m  H

2. Noise’

Th e’ s i g n n - u l t o  mu o i se r a t i o  iti I lie ’ ba um be- n un -n w , c s  n u e ’n - t s imrenc i

w i t h  n-i Spe c’ I rum tu tu -u I yze ’r n -it I ae-he ’t I tcu n - in  1-21 1 95021 1 p- hot c u - r n i t  I In - 1 Ic ’ r t i m lie’

on the- h i g h i ‘ s u n - i c- u n - r n - i  sn - - S t e i n . Time p h o t cm t n u  I t ip i h e ’ m ’ c _ ui  i ’ m ’ , lit I W t t s  t ni d ut i i t t ’  ci ii

w i  t i m  n - i h i - n - i t  qua I i t  ‘s- m i e - r u m n - u n m n n - c - t e r .  T ime ’ h n - i t -k g r c m c i n c i  c - u m n c c - n t  1~~ , a mi d

~~~~ 
~~~

, 
7) I / - ‘ 

n-c m ‘me’ e u  ‘rust mmm l  , ‘flue rc ’sm m It s n - i r e ’  s im e m wm i  i n  l a b  I c ’  I V .  S I mit t ’ I I

was e’v I u I u ’ m i t  h u t  t n - m m - r u - i s  nc - I n - i l  In - ’ u- I v  l i l t  Ic- 11d m i s o  i u m t b m t ’  c i  gm i , uI n - t n - u n-a

= I C )  112’- ,  t Im e ’ I r e ’ q t i t ’u i e \ -  m m f  l i t ’  n - n - I t m ’ c t i m m u ’ n -  - m m u . m I ’ s ’ t - i  s- i --n- - n - s i -  n - u t  I

= I — I’ ) ’ ) l b _ n - w i t  hi , u  h n - u t i c i w  i - I  I I t u t  I = I l l  i i , — n - c l I i t  t I m e ’  u t - _ m i — i ‘n , mtmm i (lie-mi

w i t  Ii I in’ in - t n - m u m  - ‘ n I . I t  n - n - - i  n - n -  I m m u m n i b  I l u _ i n -  t i i i -  s j ’i ’ m - t t . u  I J m  - n - n - n - — n - i t  I ~‘n—n- \ci ’ u -

‘ I c  t h u - _ i l  I v l i - m m  I , u l , u t m u i ’ , ’i- I — i i  l I t - n - . I i  n - n - u — c  t i t ’t  1 c m ’ 1  m n - t n - u  ‘ s i n - — u i _ u i  

— -  - -  _ _ _
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NOiSi’ DAS A FOR Fl ilI -:A~1 ‘fAu -~ ~. U h f h I  10—lIZ J ;~~~ ’ - ,~ i D i l l

I - ( ‘ 1 ” ) 1/ .  — (,‘ ~~~~~ 
t / ~ ’

(l iz) , j c \  ‘ - 
- s /N

1 2! 0. -, ‘+ 2

10 21 0 . 2  105

60 2 1  ( 1 . 2  105

1 11 0 . 5  22

10 10 0.1 100

60 10 0 . 1  100

- - x i -- i itl n - i t ten - ri of t I m e ’ v i e w i n g  cc- re-emu t h i n - m t  ‘s’ n - m n  icn - cic cnn- icc i ’uu a i t t ’s c m l i  the ’

em I t t e ’r sun f a n - - c ’ I i i  mn en c l  tn - mu n - maci of  I~ i n  n -i mandei m I n - i  c i i i  c m l i , n - c m u d l  it n - ip~iu ’,m r e n - I

t h t m l  I bm en - n - i _ m i ii e’em n t  c i  bur t ion t i m  t In -c ’ I n -n - w f r o q u m e m u c - n- mi t . i I c e -  I s I he ’ c - m m  r nc ’m l I

f r c m n n -  t l m e ’ s c ’ s i t i - n --n- . S u m — - e n  t ime ’ m u o t r n - e ’  remn - t i uu t’d c O u s I n - m I m I i s  I h u e ’  c ’ c i m r e m m t n-c u -c

In e ’m u- n - in - - u e - n - I (imv im u er c - , i — ;  I mug t h i t ’  g a s — su p p i n- t m r c ’ s s m m n e ’) , i t  n - m p l t c ’ i r s  t i n - u t  t I m e -

S i t e ’S me -sp u n - u s  i b l e ’  i c m r  I lie’ no i n - t m ’ t i n - n - i t  i m m d e i n - e ’ m m t h c -n t l ’ s  c i t  t i m e ’  n - - m s  j m m ’t ’ssmmre ’ .

Thu r  s , as I l ie ’ c - eu c r c -mu t i s  I no r e ’n - i s c ’ c l  t i e - 5 i g n t t  1 1 c m m i c ’  I sm ’ r , m  I ii i m m l i  r t ’\ ’ t -s

I. ,-\mn ~~n - u I n - u t — D i s t n i b n - m t  i om ms

n - \ u n n - n - m u  I n - i c  ci I ‘-n - I  m u — ui I I u ~~m s s i t t u w m m  1 m m  Fig. 25 wi n,’ : ‘ n - t - is u i re e i n-n-- I t h

wu ’ cm i t t  i - n c  ~ 1 ,‘~l ~c K i n  I lie cm p t I e - m I he ’ m m e i u  c v n - n -  I e n - n - i  • w i t  Ii lb  I n - m s  n - i l

I x I 0 ~~ I u m m c  - m l  I S  fl flcl I S  In -V (F  2 . 6  \ / A  t u m i d  V 2 . 1 V / \ ) .  h h m e ’  I n- i - k-

grtm ul n eh t m rt ’ s su u rm - n - n - us 1 x ilK t m u c r .  ‘[‘ i t t - , c s ’ s’n - n - nu - n - e- t r v  u I t I l t -  u r n - n -- m m  i , u r  u i 1s t  r i —

I n - i t t  i o m mm-u t n - u  k i ’ mi n - u t  r j u n - I l l  t m m i p  I e n - n -  I n t l  I u - i ’ i _ s n - u I I k e - i  V i -n - n - n i t  1 , - i  i ’ m l u - n - n - I t t  I ,‘mm .1  I ‘ ‘ n - l u ’

t h u  j I l h i  t i i r e ’ u - t i t m m n - .

4 t)

~(IIhir._ — — - - ~~~~~~~~~~~~~~~~~~~~ - ~~~~~ —- _~~, 
.
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DETECTO R RESOLUTION 1 .7°
E M I T T E R  013
15kV , F~~~~~ 2,6 V /A
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- PH2 = I x l c r3 :orr
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12 PH2~~lxI0 ” 3 t o r r

10 ’
8~

-24-21 -18 -15 -12 -9 -6 -3 0 3 6 9 12 15 18 21 24
DEFLECTION ANGLE (degrees )

F j n - n - u m t ’ m ’  2 ’n- . m \u n - n - n - n - i i  - m m  d i  St u I i n - n u t  I c m i i  n-i mn -me n - u ~m m i  m m - c l  l u m  I h u e ’ ‘ ‘ n - - n  I ,  - i I l i t- tn - i ’ h n-n- ‘s~~~ t m - i n - n
K .  I l t e ’ i n - n - n -n - n - m n - m i  - I n ’ s’ c u t  I h u t -  m u t t  i nt ’ n - ’ m um i - m I d I n -  t n i l - m i t  I m i n t
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I n  F i g .  26 we show n - m m  a a g u l t m r  d i s tn i h u t  l e n - n  t a k e m u  in t I m e

h i g h v a cu u m  s y s t e m  w i t h  n - i f i e l d  of 2 . 3  V/ X  a t  a II p r c ’ s s m m n c -  of 1 . 5  x 10

t t m r n  tumid an  o n - n - m i t t  c-n t e ’ n - n - i n - u e’r , i t d i m e  of 77 K.  T h i s  n-n--n - u s  m e a s u r e d  h ’s ’ s l c n - w I  y

sweeping the pho t omn n - u l tip lie’ r . li ght pi pe , tn-nd collima ting n - i m n - c ’ cturt - n - mermuss

t I m e ’ f n - i c -e p la t  e ’ t n - f  t h e  V I  t u b e .  The n - m n g u l a r  r c - s olu t  ion is 3° . Time-

h o n i z o at t i l  l i n e  r e l in e - s e a t s  t i n - c  p h i o t o m u l t  i p i l en  b a c k g r c u m m n d  e- u m n n e ’ a t

These’ n e s iu l t s  show t I n - a t t h e  ion c u r r e n t  is  ne - l a t  ivel  n- u m u i f o r n m l y d i s t  n i —

hutc ”J between 20°.

C. Summn -uny

Timese p r el  i m i n a n y  r e s u l t s  sh n - n - w t hunt  I i e l c i  l e n - m u  i z u t  ion of

g I s t ’ s e n - t in -  p r o d u c e  a I c u w no ise h ig h b r i gh t n e s s  ion s o u r c e -  s n - u i t a b l e  I c n - r

m i c n o p r o b e  a pp - i  i c m m t  i ons .  ~\ s imm - p lc sounc - c’ I m , n - s  been d e s i g m u e d  w h i t -h n - t i  l ows

t i m - ’  h i gh gas p n e s s u r e  to  he ’ e’ot i f  m e d  to  thu e e m i t t e r  n c - n - n - i o a  u i f  t h e  1cm g um n m

Cool lag t h e  i a c c n -m i n g  gas mind  e m i t t e r  i n c n en -t s e s  t i m e  1cm c u rc en l  N m  t~i ‘ sn - i l ea’

of  5 x 10_ m t A sr 1 torr

c\e c i ’  r n - i lag t o  I lien F i g  - S resu i t s  an n - n -pe r  t u n e -  h - i  I f m u g  Ic ’ n - i

12 n -urn - id  g i ve s  n - i v i r t u a l  sounc - e S i z e ’  c u t  10 A f e m r  I-’ = 2 n--n - I O n- \ ‘/ t ’ n- : i , \‘ = 19 k\’,

n-i n tl = 1000 X . T h i s  v n-n - h u e ’  c i f  v i r t u n - n -  I st iun ec -  size ’ cc u u m p 1 c-tI s i  I b m  t ime
So

a bcive m e a l  u n -  nt-ti n-i ngum h ; m r  i n tens it y I n - m r I I -  ‘s- I c - I d  s . m sc- mum ce - C’ hi c i n - n - l i  t r u e - s n - n -  m m  I

2 x ~~~ A sr em 2 f c m r  a :~n - n - m c  p r e ’ s s u u n u ’ tn - I i~ x 10 ’ l i - r n  .\ c i i i , ’ —

p l a s m a t m o u m  ion  s n - ’ n - u r c e ’ t l c-vc ’l ope’d iv D c n - i u n - n r n u t m n d  m n - n d  1 u u u i n - n -
2mn - 

I n n - m s  n - u h n i - I u l m m t ’ s s

cml 40 1) t - -  1 1)11 1) ,\ sr -nr 2 n - m I  21 ) kV , n - c h i l i - l i  r e p - r e - c en t s  t ime ‘ - n - I  n - i l  n- c u t  l i n e’

art for ccmnv en t  tona l c -a tin - u n - n - ic-s.
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A muenw t y p e  n - i f  f i t - i d  e ’ m n m i s s  i o m u  -mm m ccc ’ cci i t a b l e -  f o r  bc it  h e l e c t r o n  n -n -ad

ion e ’ n - n - m i ,’- n - s l c n - n  -is  n - i po i mu t e d  e m i t t e r  n - i l  l i q u i d  C i .  T h e  l i q u i d  l i e - I d  e m i s s i c n - u

souucn --e is I n e q u m e a t  iv r o l e - m e- n - I to  in -u t h e  I i  t e r n - m t  u rc’ n - us ann - e’ i n - - c t  c c i - ’ d n c - I ’ . u n - n - n - n - n - in- ’

E HD)  ‘- n - iua r ,- n - ’ be n - en - a n -u se  n - u I  i t s  m e n - t n - m cI of n-n-p e’n ;ition . Its i m i s l c m c ’ s ’  n- n - n - n - e n - - n -  b ac k

t o  t h e ’ m n - r i  y dan - - s  of 0 1 e’n - t r Ic - p r op - n - I l s iomu re - s n - - , c rc h wh i e -m i v n - m r  I tn - e ms  I Lu ids n - s e’ re

he ’ 11mg i nset 1 N m  le n -nm c i m n - n - ng un - ’  d re u p I c t  s by s p n n - m y l n g  f nc u n - n - n - smn - m I I  n c n - z z l c ’s n-n -- i  I h

h i g h  t ’ l e ” ’ t r e m s t n - i t j c f i e l d s .

l I m e  n - n - ne t hod c u m i n - s  1st s of t ’n - ’n - p e n - s inn -g  n - c c c n - r n - c i u u e n -  t ly e ’ 1 iq u id—mn -me n - t n -n -i — ‘s’n-m d u n - r n - u

I lilt ’ r l i m e ’ t o  n-i l i i  ‘ n - I n -  en I c’’ I r n - n - s t  n - i t  ic I ie  I d p m o d u c ’ ed mien - i n t i n - c-  I ip  i n - f  n- u s m u t - n -  11

c - n - n - l i  i l l . u  rv t n - t h e  (t  n- - n- n - it-all v b e t w e e n  .02 n - intl  .08 tri m r i c h  ii) . T i m , - i m i t  e n n u i -I  i m i r i

c m l  t I m e  e ’~~c’e ’ tr , ’ n - - n - t , m t  it- s t re ss c ’s with su m r f ,uce ’ fc uu cc-s u n - I h it’ I i q u i d  n - - s u i t s  iii

I lie ’ f un- cm im n -m l i n - u  i t  I n - i I i quu ici n - s n - n e  u -n - -n - I e n d  I ng o u t n - c n - m n d  f r om u n  I I n - e ’ c ’n- i p I I 1 m m ’  \-  I hi .

N , - m r  t i m e  l i q u i d  c cmmu e n - m p e x , t ime ’ f i e l d s  a r c ’ sn - ul fieiennt in - -  h u g h ( 10 ” \ ‘/e ’n - t )

1 m m  e x t r a c t in - in s  by f i e l d  e n - t i p - t n - r n - i t  jo in -  , i r  , i f  t I m e ’  1 1 , 1 , 1  l u c m l , m n i t n -  i s  rn - —

n-’ , ’ r —  ‘c i . c - I  ‘n- t r t i m m s  h ’s- I i~’l d  c i t - n- - I  rc n - m m n- -n - - m i s s  icum m -

Tht ’  p m u n - c l u r t ’t  ic-a c m t  c - I n - m r - n - m d pn - n - rt I c - i c ’s I rei mmn W ,mc n-d ’ s n- - n  n - i l  u2,i  n - m ci ~ um

C s ami d , u  G a — T a  n - u I  b y  b u n - i s  N c - c - m n  j t l v m ’ a t  I~n- n - m tc ’d. 
1 (1 I I  

l i m  t i m e  c ’ , i s en c m l  t i m e ’

G : m — I n  t ’ t u t m ’ c t I c  n - i l  i n - n - v  t i m e ’  n n - n - l I u u r  i t m u i c i m r n - m e l u u t m -d n - i n , - Ga n - i c i ’.l i n  w i  l i m  i w ieh e -

v~m n i - I  Y S I mu r  11  i p l y c’ l i - i  r g e ’d mmiii  I c m  mm ~i n - i n  I m u  mc . ~

A .  i ’m - m u m ’ s ’  m u  I O r e ’ i t t  jtun

I t is  l t v l m i m t  h r s i z e ’t I  t i m - i t  i c u i m  e ’ n - ’ u i S s i m ’ u l  I r mm nn  n - u I i q u r i u i  n - m m - t i I n - m i n i  i t t

c u n i g i t i t t e ’ s  l ion - m r  t h e ’  . m p t ’ x  m i t ~u s i u t g l m ’ c ’ m m n f t n - i I m l  w h l c ’n t - t he’ I I t I t i  i s

~ t m i I  I u ’ I . ’t m t i ’ s ’  I _ u r ~’, n- ’ 1 m m  I h I d  t -’s u l t _ u m ’ m t i ’ Ic ’ u n - n - n -. I-’,u nmi i n - m I I m m u  c m i  — u n - n u n - u

— --- -7- -

~~~~
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gu m-rn -me-tries when  n-~c 1 i q u id  cu m I n - m i en- is c- n --n -posed t o  n - u I i i  I m  e l e c t  ci - - li e-I d )in - us

ben- e mu d e m c i a s t n n - n - t e d  e nx p er  j r n - m c z n n - t  n - m i  ~~~~~~~ ~~ Time’ prob lenu of dutenminia g time

a l l e n -w e d  e q u i l i b r i u m  shn - cpe  of n - u liquid sumnf ace sn -n - t in-a t the’ c _ I c-c I r i istn - mt ic

s t r e s s  non mn -t l to  t h e  n - - su r f a c e  is n- ’ n - : n - i c t  l ’ s  h a l n - c n c e - n - i by t h e  sunfn -m c - e- ten—

siomu f forces was tcc- n-uted by Taylor. un-c surface’ tension fiurce - is

g i’s’e ’nn - by

I = 
~

- (n-n- —_ + -
~
‘-—

‘

\ ( 2 1 )
S 5 \ i  ‘

~~ /

wh ere n- 5 
is t I m e  s u n f n - m c e  temu s i~ n -m u and ‘ i and -n - n - i r e t i m e  pr ine’ip le- radii

of curv n-cture. For n-i sphere , c-one , and infini t e -Tn - - long en- y limuden Eq. (21)

bee n - n -me -s  r e spec t i v ely

I ( s ph e r e )  = 2’n- I. ( 2 2 )
5 S

c m — I ’ ,- S(cone ) = — ( 2 3 )
5 R

~~ 
(cy l i n d e r )  = 

~~~~~~~
‘ (2-c )

- ‘ where  - - is t h e  resp een - L I ye- rn - md i i n-n-nd -i i s  t ime e’ c n - O e ’  i m n - m  i f  - mu m n- -, l c ’  n - um ud R t i m e

d i s t a n c e- a long t ime cone n - m x i s .  S im uc’ e t i m e ’  0 1 c c  I nc ’sI i t it st ross I n- p - i n - t i n -

by

= ~~~~- (clv rn cs /cm ? ) ( 2 5 )

the conch it loin-s l c m r  e’quu I I ibr ium m in - c - t n - c e- c-nm t h e  , ‘n - -t tt -m n t n - I - -1 , - I  c - s t  - i t  It amid

i a l er n n - m l  s u m r f n - u c c -  I e n s i c n - n n -  f u n - n c - u ’s m m d ’

- u 
i / - u

F ( s i n - l i e - m e ’) = m ( 
~
) ( l u )

F (c~~I i m m t l c c ) =(  
~~ 

/ 

(27)

I - ’ b u n t ’ ) - 

( R 
- - )  

,, -‘—-~~-- - -- 5- - - --- -- --
~~~~~~—--- - --‘~~~ _



- -

I i  n - mn n-n- node is a d i s l n - m i en n - i I nn - n - rn  t in - c  su r f a c e  of t i m e  sp her e  n- in  cy i i n der ,

the vol tn -u p - c’s nc-quint-ti fcm r time n-n - bo’s’e ’ c- m n-nd it len-nc n-n - nc-

V (spite-re) = , - / -  4 ( n - n - -1 ) / . ( - (29 )

= 2.13 x 10~ 
-, - / z

p- 1/? (i 
-

V (cvlimuden) = n-n- n - / 2 (c~~~~~) n - /  -~~~ ( 30)

= 1 .5  ~ lo u 
~

- 1/7 1/s - n  -

S n-i

where V i s  in volts , in d yrues/cm anu d in - u e n - n - i . Ftir the t n - use , u f  n - i ctn - nc ’

tin - c- angle- - i  must be found so tin - n- it F - R n- ~~~~~ . T n - n - y l - n - r
33 

shm c n-wed thin --m t  t h is

n-could occur ouuiv if s = 49.3° , in whit-It e n-Sc’ Eq.  ( 2 8 )  h e - c u m i n - n - c - c

/“3 n - n - u \ 1/ ~
F ( c o t u e )  = .93 tn-n- 

S) ( V/ c m )  ( 3 1 )

and tIme In - mt en t i n - u  I I n - n - in - ancn -de s u r f a c e  a d i s t a n c e  R I m i u c n -  t h e  c u m i n - n- - n -n -pc s-

is given by

V (c-tine ’) = 1 .4  x ~~~ n- 
R h /2 (32)

~Iost experimental ctctdies in-ave c-o nf inn icn -d thin - u t t n- n - c -  m i n d -  I , n -nn i en -d b

t i r e ’  e l e - c t n o s t n - t t  in - ’ f u n - me - c’s has a cone ’ h u n - n - I I n - i u m g i c  ~i n - m c  p - r e - d i e t n - I .

b -however , in mn - m n - n - mn - v  c - n - u  n--m e’s n-i smn-n- I I cv i  m c i  n i t ’ n - i l  n- -u 1 uma O n--n- Ic-mi d s ‘mit from I It e-

m - un - nc- apex . Ic compar i son  bel we-e ’a Eqs .  ( 2 7 )  n - intl ( 3 1 )  n - u i mtn -ws  t h i n - m t t ime ’ I j o l t 1

r e q u i r e d  t o  s I n - n - h i  l I S c ’ a c ’v I  i r n - c n- e,r c m l  cn - u t li urs - n - t nm ci , m c ’ m m f l t ’ t r u m m i c ’ n - t l t ’ d  i t

R = m i s  n - u p - p  rn - n - > :  i m n - n - t e ’  b y t in - c- i -un - un tc-

I mu susnme’ u n - n - - m t - m m n - i c’s smn -m I I t I n ,  m m m c l n - I rum 1 n - i m ’ s n- mm ’ e’ cmli it I t - c l  I r i - n - -  I N c  - c-much

i u f  I lie ’ n- t n - n e .  ~- l n - i  h one- v . u - t n-i I’ - m m m i - I m m m l i  ‘ c i  t b m at  h u m , n- ms  u p -p -muse- cl i i ’  ci n u u ~ m It

f c u r n - n - m n - m n  i c m m i  w i l l  t i m - m u i r  if I I m c ’ I - rn - sHe - s Ine - n - n - - I N  I i t  tInt ’ I l i um j u l Is i cr — n - u -

n- c m n n - m n - u , u n c u i 1 mm tI l e ’ e’ l e’c’t n cu- -n - t it jc ci l’ i ’ 5 n - i  F c ’ m i ’ i  j i m - u i  i , m r  I i~ i d  u - v i p - m i t  l i o n .  i . , .

I /1 i n - u I n - u r n - n - ,’.



-

,\mn - approximate express ic n - n 1cm the h u n - -i d r equired hoc l i e - i d  c-va n - n - ’ na—

t i n - n - m n -  fmo r im m e t a l s  is

FEE 
= t 

~
i i

v~~it + I - - kT — a ) (33)

cm r

F
EE 

= .069 (hi \ \ p -  
I - - kT - mm - 

) ( V / A ’  (1 - ~)

w h i t - m e n  Hn - T .’s}) is t h e  I r e - n - c t  n - n - i v , i n - u i r i z n - mt i c u i n -  I , t l m e ’ i t - m n - i / c t  lo in - pcn- t~ - n n t  i n - i l , -

ti me’ l I fe ’ time with rn - n - - m n - n - c-ct to I lelci u ’s- n - i n - m cm nn - n - r ion  , n - m n - d I I )  - Sec . The
0

s e c o n d  e ’Xpn es s  ion is c - n - u n m e t ’ t f o r  ~~~~~~ I , k’! n - n - mi d jul c - V n -n -ad F in \ ‘ / - N .

The value’ of i can be n - m n h i t r n - mn I I  v cin -o senmu n - us 1 sc-c . It sh e m u  Id he ’ h n - u u j m n - tc- eI

n - n - mi t  t i n -a t  t he  n - i h c m v e  e x p n e s s l c m n s  n -n - ssume c i u g ly  c- I n - n - n - r n - n - e d  I n - n - m i l e ’ sin - c - c ic ’s I n - c - h u g

e v n - m p o c n - i t e d . T a b l e  V l i s t s  t i m e  v a lue s  t n - f  F
FF 

a t  3003-~ am-el c u t l m e n n e - l e n v i m i l

p a r n- mn m c n - t  c -ms  f o r  s e v e n ti l  1 i qu n- Id rite tn - i  i s .

TABLE V

i’s\’\i ’u ) R I c F ] u ) N  F I E L D S  FOR h p - N  I I I l S S I u ) N  l -’ I N n -~ L 1 Q I ’ i D S

V ip er lzn - m t len -mm in - u m n - iz n -mt len -in - Work Surftcce ’
i-num p-n - - Potent in-i l Feint- I in -m n ‘l’ c’ mms in -mn i - n - ’ n - m I m c m rn - mt ion

E l m - n - n - mc i - I  ( , -\ - ‘ )  I ( m V) ( t V )  ( n - I n - i n n- c -n - i ) F i t - I d  F FE ~

C— u 11 .81 3.87 1.81 (n-I) . I I ,

R b 11.85 4 .  16 2 .  I c)  71 . 12

K ( ) ~~ m ) 3  4.32 2 .2c .1)

( N m  2 . 82  5. 17 - m .  12  7 1 ’ u 1 . 1

Fig I I ,  I n - c  1 1 1. _ I ’) 4 . N I ~S I )  2 .

‘Ihe t b u m - - u t s ’  t i t ’ n - i I~ t en s i l t  - st  m u - i m p - I  Ii m m  m~ - 1 1 ( 1 m m  I d  u - c u I  c r t mm mm t u r n  n - u i ’  m ‘ - - I I - -

m i tt- - I  in -v

I
t 

= 
~~

m / m d,



el m - re m
n - n - 

i s  t h e n  i n t t - n n - m l u u m n - n  I c  H p - n - me i ng .  M a i m - u r i c ’ s ’ , et n - m i  ,~~~ i m n - m ’ s ’u -  t n - t i n - u i  i n - m t  e n - I

v n-i limes n - n - I n , I n-mad I n-ch i t -in - i n , - re i n -men - c hic’ ed in Tn -chi c ’ V I -
cm I c’

TA i n - I .E  \‘ I

RATIO OF SURFACE ELECTROST ATIC STRESS AT ION EVA1 -ORA TION i ’IE LI ) S  0

‘l ’IIEORE’ l ’ICAL STRESS N F ( ’ I - ~~SARY TO RUPTURE A LiOtb il) ( 0 1  t ’t-

T e m n - s l l e  S t r e n g t h  E l e - c t n n - u s t n - u t  I i  F u m r - t-

I m m t e n a t o n m  ic  f x l0 1 St m e s s  i~ x 1 0 — t o  R n - m t  1 c m
n - n - i  e m n - n - e’ n - n - t  D i s t a n c e  n IX) (~~vuu/cm ) (cln -nm/ ~ m ’) I - / I

- - 
o - I c

Cs N 31 0.226 O .05c5

Rb 4 . 9 7  0. 317 O. I: m28 7.1

K ~.70 0.365 0 .069  5.1

Ga 2.77 5. t . N 0 2  ‘3.

Hg 3 .07  3. 1-c 2.57 1 .2

Acc - onc l i m ig t o  T n - m h l e  V I  ( n - n - i  ~ I i t m u i i c I  i c c ’ t int ’  n - i t  t I n - c ’ m n - n - s t  I , m ’ s ’ t n - r a h l e n  I i q u r  Ici S

f o r  f i e l d  e v n - n - p o m n - m t i o a  i n - f  icn -m n - s in - c ’ - uu’Sm ’ u m I  t ile’ I u i - - n - ,  r n - n  I t i  ‘1 n /1 . Ii

I u m r t b m e m  i r n l m c n - r t n - t i n -I p r u 1 n - o n i  v p en - s c e ’ c s m ’ci in - v  I i q m m i u i  I n - i  i s  j n  s I t u n - ,’ ‘s i n - n - i c  ‘ m u - c—

sumr c ’  on n - u I t e - c m u n - i t i v e ’ I v  j I m - u  b i n - n - i n -  ‘ s ’ n - m l i n c  c m f  i! - A t  ren-m i m t u - m m n j n - e - r m t t m n t ’ I t s- ‘s- _ i b m

v n - m p o r  p m e ’ s s m m n c ’  is  n-- cu m i n - I t - t m - i ’ s ’  n - n - u - - - I ig i i n - l e ’ n - m ui t l m l  S I N  K 115  \ n -n - m 1 mo n  I m u e ’ s s u m n e ’

is n - u niv I O ’ ~ t m n - c c .  T i n - I s  m n - n c - t u n i s  l i m i t  n t - n - ’, b I n - n -  i ! u l t ’  n - i s  1 m h m s t ’ u - i t - c t  c u m m i u n - - m p - m~ - t

I u i f l  I ~a t i c i n  m l  On - i tic _ - m u no mu m  lag i b m - i t  r n - m m  t n - n - n - I ss 1c m n - m m m c i  I bun - it m n - c - n - n - I i~’. l o b , - n - n - c ,

I n - l u i s m ’  f I t - i d  i m m i i z n - u t i u t u i  u u c - c’ u m i s  t h u i n i m i u n -  i o n  e ’ti u i n - - n - n - n - I uu u n - . I n  t h e ’ - i ’ m - m ’ t  I l ue ’

s c u m m r m ’ t ’ c- u n - m u m - n - m m  m l  i c n - m m  ,-c i n - u u cs’ n n  I n  l I p - .  2 5 0 - )  I i t m ~’ I : n - m  s u m p j m f l u ’ ~- t im e ’  u - n - n - n i t  t m l  \ I i

surf , m - m- c h i l I  m u s h  u i -  . I I’ I l i t ’  ( N m  we ’ t s t l i t ’ t ill I I  I c - i  s m u r I u ,  e ’ I iu e- nm su p -u I n- I - - t n - n - t

u_ flu i t t  u - c  I u p m m c i  m i s  l iv se I I s m i  r I m c , ’ uh i t I n - I s  I ‘mu c m l (Ni . A i m  I m n - m p u m r  I , m ‘ i t  i t - u

i s  h u t ’ in - mm - n - m m ) ci s t a i n - c m ’ X 1 1 m m ’  ( N m  u - i l l  u I I i  l us t ’ ‘ ‘‘ - I  - i , - u ’ ’ s ’ u n - m t ’n c I  i ’ tm  i m c c n - m i s . -~ l m u m

h i  n--c w i  I I I i n n - n  i t  l i i i ’ n-— n - m m  m m  I ‘s- c t  (Ni I , ’ t n - u  - u - n - n - n -  i i  i t  - t . II - - m  i n  I mi - shm ‘cm - n - ’ t n - m i  n-n-

- _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _
~~~~~~~~~~~

__  —~~~ _



is n - t p i i r o X i n t a t e l y  p- iv e n u  b y

X n- m
o 

exp (H
vap  

— E, 1111 ) / 2 k T  (35)

whe r e ’ E . is t!n-c’ ac t  ivn -u t ion energ e -  f u n  Sc ’ i f  d i  I In - i s ic -a  n - mm — e l n - u I c  timed u n  n - n -

mean jump length fumr t h e ’ d i f f u s h u n -  p a n t  it- ic.  I n  v ic ’w of I he l n - n n- - d - vn -m luc

of H f n - n - n  ( n - i , it is d c - n - i c f r u ’ : n - m  E q .  ( 3 5 )  t i m - i t  X is ‘s~e’ r ’s ’ I c r - n - c ’ n - mt r n - ’n - u m : mva p

t e m p e n n - m t u n e  . Ac cord  i n n - n - n -  1cm t I n - i s  n o d - ’] i t  w e n - u l d  be p r c u f  i t a ln - i e’ tn - cm i m m c - rc ’,ise-

time source tem n -mpenn -mturno , in c m c d e n  to  i m i u n - r e ’ n-m s e- t i m e ’ d I f f u s i o m u  r , m i c , m imI ii

t h e  va lue  n - i t ’ X is m n - m o n n-n - x i n - n - mn - ct e ly e’d l m u.m 1 t n - u  t i m e  n -i is  t n - i n n -c’ hotweeri t ho cmi t I e -c

t i p and the  Ga ne ’ser ’s-n - n - i n .

Ac n- ’cn-nding t n - m Eq .  (3 2 ) t h e  .‘mn cit lc ’ voltage ’ n equ ir c ’d tcn - s t n - u h i l  iz e’  t i n t -

liquid cone depends only en-n ~y n -m mud R. En -n - c Ga , Cs , n - c n n - i  H g time c en qum i ru - i

anode v o lt n -mgm’c h i m  R = 1 n-mm n - ic c’ 1 2 . 3 5 , 3 . 5 n -n - ad 9 . 9  k\’ me - c i m t ’ c t i ’ s -c - l n - ’ .

58 
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N . E x p e r i m e n t a l  -

F i u n - u n m e ’  27  g i v e s  a c- m e n - s c — i --o c t  I c - m n - i l  r e p -c c - s e ’  m t  u t i c a en -f t h i n - - n - u p p n - n - —

r a tt rs used f o r  l i q u i d  I ienl d c-miss iomn - s t u d i e s .  ‘ l i m e -  e X t  r m c t u m c  and scne ’e ’ln-

can be e’i t h m e  n pos i t  lye’ m u m  n e -p - n - i  l i v e  b i g h t  vol  t n - n - ge  ern ahi I cup - heueh c- i c- ct mn - u i

and ion f i e l d  e m i s s i o n  to he s t u d i e d . The rubber d i ap hm rn - mmn - nm all un -c s t h e ’

vessel  to he e v a c u a t e d  bc - I n - n - n t - i - n - s m - c t  ing t h e  1 i q e m i d  t l u nu t t i g l i  m I m v p c ’ r d m - m n - n - n - i c

sv m m - p - t n - ;  timus prevent i nn-g n - inn - v ox j d n - n - t  in - n - mn -  of  t in - c ’ i i  qu m Id n - n - i c  ta 1 . Ol in -n- c’ i n s e -r t  c d

the  p o s i t i o n  of thue  l i q u i d  n - n - e tn - ml m en i s c u s  i s  c- o mi t n t m l led  b~’ ,ud ~ m i s t  i ng lime ’

gas p ressure-  ‘s- in - i two air valve’s, c- ru e l e n - n - d i n g  1cm n - run -  n - u r n - n - n - n - m m  b n - r e -n - - c n - - c uc c  s n - u n - t r e e’ ,

t h e  o t h e r  to  a m e c i m a n i c n - a i  p ump . The i n - r c - s s u m m t ’  i n s  ide ’ the- n - n - i , u ii- ‘s e’ s n - -n - c l i s

m a i n t n - m i n e d  n - mt i0~~ torn.

Time two needle un-oaf hp-urn- i I iom n-s thin-i t have ’ been n-us ed ,m rc ’ n - - n - n - m n - u ’ s -,”-

in F ig .  28 .  The I ips n - u r c ’  so s h u n - n - p - e d  I i  - c  i c h t ’ t bm c-  1 i q u r  ic i  n - n - m e - I , m  I Im u n-s- c t  I Inn - n - n -

time um eed ic ’. Because of rn -n -pid at tn - t c k  by then 1 i qu  id On - i t l u t ’  P t  m u t t  n -n - I t - e ms

d istn - n- m rded . The work  m e ’ p - c m n t  e d  n - nc ’ cc - wn - m s c - n - m r  r Led ciut cs- i t  Im l ime ’  W i n -~m ,n- n-n - I c

sin - n - n -w i n -  i n  F i g .  2 8 ( b ) .  P r e s e n t l y  s t u d  i n - - s n - i c c ’ h n - - i m m 3 n -  n- - n - i c r  ie’d m m c u t  n - s i t  I i  u n -u ’

e m m m i t l e ’r i n s e r t  s h o w n  in  i- ’ i p - . 2 8 ( e ) .  ‘l’hie I n - m t i c r  d e s i g n  e p e c u l  t ’S  i t  - i

I cuwen vn - n - I t n - up - c -  (dc~n - end  l ag  on t I m e  e n - m i t  I t - c I c n n - i n - I I n - )  n - ti n -ti c u m i n - p - I ic -n - -n -  On -i ( m m t i l e ’

c u d  u n - I tin - c’ clut itt o c I h m m o u r g b i  , m s m m r l n - u t ’ mn-’ f i l m  c u f  ( n - ,c we’ll  l i m p- t m u -  m m - i t  t m - n .  .5

sum - u II I Ie ’Id — n - t a b  1 1 i ze-ti c m n - n c  n - up - n - ut’ . inn - - I c m  fe i rm i m ‘mi I lien e’mm d ‘ I  en - n -  i l l  m r  I bus

l t m m ’ n - m l i z i u i g  n -mad s t a h l  1 i z i r n - n - n -  t ime ’ n - e ’ u u r n - r t - I c i c  l t e’ n - m t  i c i m i  tO t ime ’ v i  m ’ t u m , m I  sm ’t m i c

Th e’ I I qu Id mm n e ’ t t i  I i n - c - I  im p - ur n -~d -tl wn -u n- n- a On - u / I n  , m 11  c i v , i - c u r — I  c i  m u  up-

t’ m u tt’ u - t It’ m n - u i x t m m m t ’  mn - f 12 ’ WI — I n .  ‘ I ’ I i i n - - n -  n u i ~ n - t i u r u ’ c,’ , c s  t h o u - m m - n h m ’ c - m m u ~~t - u m t  i t s

me- i n - I t  ly e  h i p - I t  wi ’t t  l u m p -  ‘ c c c ’  I I i d l e - l i t  , amid lu t e n - n - r u - I l  in n - ’. p -i ’ I m i t  1 1 5° c , t h u m s

n - I  i n u i n t u t  i m i g  n - m a y  m i t t - n - i  f m u c  i u c - m t  i mmg c i m u r  i n n - ’  I hu t ’ m ’ x ; u t - i  n- n - n - i - - n - m t

i n -n - . 2 ) S l i u i W i  I m m ’ s I tin -im It - i t -  - m m  i t  u ‘n - - 5 i I _ i ’ , ,  ~l I c ‘ - n - - . u sir r , - 1 i i  - i i  - 1 , 1

t -m nu i n - u s i t m m l . I-I I s  - m t - t u r m ’ m ’ m l  I i muni t liii ’ u u ’ c i s t c u t ’ m mmcl t I m , - u t  l i - m m u u , u t - ’ m

-) i )
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t i n - e n  c i  p - n - i  1 ten - n-u m a g n i t u d e  t h e  scope cain - i n - m u ’ ,m s u n e ’  . Flue ’ ge-ac’ rn-n - I e’xpe- r I —

n-r e n t a l  p r o c e d u r e  was to e v a c u a t e  t i m e ’ ‘s’e’ sse’ 1 , inm n--, e - r  t 1 i q u  id n - n - mt -I n - cl via

t in-c sep tum , f o r c e  the  l i qu id  n - m e t a l  i n t n - n -  tin -c n e e d l e - t j i n - , n - cad  n - u p - p l y  h i p - in -

v o l t a g e  of the  d e s i r e d  p o l n - t m i t v .  I t  wn-n- s I n - n - n - mac i  t i m m n - t  t i n - c -  n - n - h i  I i t v  of t h e

l i qu id  m c t n - n - l  to  wet  t i m e  mn - c- ed le wn -m s n - n - c c - n - u t  I v  e ’ m u I m n - m m i c e -cI in - n - ’  s i n - m i t t  i m m p -  i t

w i t h -  argon 1 c m  ce - v t - r n - i l  m i m u n - u l c’s. W I  t i n - t n - u n -I c u f f  li- i ent  w e t t i n g , the  e l e c t  re--

static font - en- s would pull the liquid n-metal off cml time tip before a yen - I— —

t n-n -ge’ high enough tem e-meate ’ en -miss ion cou ld  be’ re-n - mn --in -ed .

1. ~~p~uritnennta1 R e s u l t s

Emiss iomi  i n  bo th -  t h e  c- I  ec t non n - n - mid ion nu n - n - dc ’ s  e n - I c  m i t  i n - m t  end

by advancing liquid n-metal to the nozzle end n-inch then ap~n - l v i t u p -  then high

vol  t n - u p - c - . E m i s s i o n  u s u a l ly  begn -m a he’twc’enn 9.5 and 10. 5 kV n - mad was n - t l e n - c v s

at - cmn -mp an Ic ’el by n-i I o cn - i l i z ec l  b l u e  g low .  I f  t h e  proper  n - unm t uln - t m n - f  1 in-p u Id

m e t a l  was a t  the  n o z z l e  end t h e ’ I i qu Id n - m e t a l  w en -uld  l en - nm n-ia c i p n i g h i t  cu u nn - e ’

a p n - n - m u m u c h i n g  Tay l o r ’ s t h e c n -r e t i c a i  i n - a l l  a m u g l e ’ of  59 .3° . F i g .  30 c l u c u w s  a

photograph n - n - f the nozzle and l i q u i d  Ga u - mn - n i t -  f cm nm nue - n- i th ur  j ag c i t - c t  cmmm n -

e n - m i cc i  en - a .  W h uem m t i m e  (n -one i’um mnns • t n - n  iss len -ru i s  V e r y  s t n - m h n -  I u ’ I Ii cm mcr t n - h u n - m n - it I. lie ’

yol tn - i ge ’ c u - n - n - c ’  (9 to 20 kV). If t u m u n -  l i t t l e ’ Iiq eu i ti mn-en - t n-m i wn -us - it tint’

imozz Ic end , thea emiss ion on-- c’marred I rein smn -u I I  c u m I n - c’s f c u r nn-e ’d tn -n t i m e ’ c c l i - , ’

n - n - f t he’ ncn -zzic ’. Time m - u m m m u ’ p-run -v lde ’ cI n - u s I c - n - i d ’ s ’  e’t m m m ’ t ’ m n - I  i i  t ime ’  ‘stm u u  I I n - m i - c ’

r em n - i  I mm c d u - in - m u s t n - m a t  , h u t  mo’s’ c - n - i s i n - n - it i n - i l I y ant i  n - f t  c’n ~ m mimic-el mum i t  1 1) 1 u ’

c- mn i n--m s ium pen -t a t  s as t In - c  v im I t n - n - ge ’  e m s  I m n - c -re ’ i se ’n-i . i n - n - c - e s  --m 1 1 (1 mm i n - I  ‘ a t - I  - m l  , i m m

l i m e -  l i p t ’ , uu i se - ’( l  n - in i m n s t n - i h l m ’ m q n - r  i g i u m  c c - m i t  1 m m  f u n - c u — I I m , m t  e5’n - u s  i t —  , c - i n - I  I m n - m m t m l u n - —_

n-lot i u m f l  n - in ch 1n - m uv i - l u - mi v c-m’ \’ m u — S I  n - m i — I c’ i- nm iss Im mn n -

O n m ’ c ’ n - mum u i p r i n - n - I m t  - n - I  - i h l u ’ c d m l i m ’ en-Is I t u r n - mm- cl m -n - n - u i -- ’. It m mm i n - i  rim ,

very sI ,uh Ic - . ‘I ’imm’ I h u r t ’ s l u u n -  I c i on-u I sn - n - I c - m n - v i m i t  - u ,  u - t ‘ -n - a  i i t ied , - t m l i n - — n -  I - m m m l  , ‘ m f l u i  I It , -

1,3
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F igure  30. Pho tog rap h of l i q u i d  (n-n-i cone formed
on the  t u n g s t e n  n o z z l e  shown in
Fig . 2 8 ( b ) .
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c c - m n - c’ c- n - n - u l d  be n- u rn - dc t o  c’ u u l l a psc ’ and re - I c - r n - i  r e - n - u t - m t  m l i v  by n - - c  r n - - i ng t n - i c ’

v o l t a g e  acrcn -ss  t in - en  j a i l  i n - m i  t h r e s h o l d  V o l t n - c p - t ’. I t  e m s  p - i u ’-u~~ i b l t ’  t u n-

ic-ave t he  sys tem o f f  o v e r n i g ht and t n - n -  t n - i r a  t ime  sy s t e ’n i  c u -  i n  t n - u n -  n - u c n - r n  i n - m e

and to measure the  sante emiss ion t ’ l n - n - n - c a c t e nn i stj c s  as p u o , c s n u r e - n - I  p n i ’ u r  1- u

turning the system off. For -a given cone , thn-e ini tial en-mission voltage-

was very sharp ly d e f i n e d .

2. Electron Emission

Thus far electron emission has exhibited only one m m m d c ’  n - - I

op e r a t  ic-a  — t h e  pulse  mode .  This  n-n -ode is c in - an a c t e r i z e d  by n i p - l u  c m n r t - u n - I

short duration pulses whicin- ocen-un at n-u c o u n - s t a n t  r a t e  p n o d t m c in g  u n - c n n - m n -c’

e- n - m r r e u --m t s  of 1 ia to 2.5 mA . The p -n-misc f o r m  r ema ins  c o n s t n - m n t  in n - s in- ape , —

mn -t gn i t ude  and d u r a t i o n , w h i l e ’  the  pu l se  n n - m t e  changes ‘s~’i th u vol tn -mgen n -mu n - d

t h e  c u r r e n t  l i m i t i n g  r c-n -~m i c t t m r  . Thus  n- - hn -anges  in t h e  a v e r a g e  c u r r e n t  . i I e ’

dum e ’  l u m t i n - u ’ p u l se  r , i  t o  and not  t ime  p u r l s e  . A I v n - m l cd  in-u i so , n - n - s shin -n -w in - in

F i g .  3 1  ( - m  ) , is 9 1)—I 20 A n - n - n - n - - c m’s , 10 nn ncn - se ’ e n - t i m n - m l s  du r n - m t ion , n - m a d g n - u u m s s i n - nn 1mm

shape. Thm - ii eu 1st ’ frequeun-e- y remains ve ’my stable ’ n - m d  en -ma hn - - ru m n - m d u ’ t i m var~’

I r u i m  55 l I t  to  2 k f lz .  The pul se’ frc-quc nn - m -v is stable ’ and n- -n - ta be in e rt-n - mn - - m e-cl

c u r  d m - c r c - ,m s e d  In - n - - c i n n - m t n - n - n - i t u g  e ’it lme ’n n- n - f tin - c’ t w n - n - n - u n able ’s win -it- lu t i l t - c l  i t ,

t ime v c - i l n - u g m ’ cur t in-c- c i u m n c ’n t  I im i t 11mg rc’ cislcu r. Fig. 31 (h) shucw s tim e

v n - I  t n - m g d -  t r n - m u - c ’ n - m t  t i m e  ex t  cn - me - t m mc c - l e ’ u ’ t r - m u c h m ’ u n - I  t ime ’ t u m h n - e .  The’ sl mn - m r i n - dr u n -I n -

in ex t r . m c t u n - r  ‘ s ’ u n - l t n - m p - t’ w n - i n - — n ciure ’ t o  t ime ’  Gn-m clis c -hun -m rg e ’ shttn-wum in  F i g .  I i  ( n - i )

whi ch ‘,~‘as f c l  l m m wi’el by n- u n- - h r i r g i m i g  c n - m t u ’  I ’. u m v c ’ n m n - o c l  by I hut- I ruin - c’ c a p - i c - i t  n - u n - m m ’

a mid I mn - m ci re’sj st m m .  ,- \ c  sh un -wi n -  I n  F I n - n - c . 12 n- maci I I t he ’ p n - u I s e ’ r a t e -  i n c n u ’ , m — n - c ’ n - --

w i t  h I tm ’ c- - u s  i r I g  v o l  1 n - m gi’ u m i  e hm ’c re ’n -m s I mn - n - ’ I su n nm -sb i-i t m m m c i ’ .

i h i c ’  v i i i  t n - m n - n - e n  n - m I  1 m m m n--n - I c i i - I m u i t I m - c t  nc m t l m -  s l m , m w m i  1 m m  I - i  g .  I I  ( i l l

e~xh ihi j t s n - u I n - n - I ll -i ’m — s m — n i n - mr ( u m  n -mn R— ( n- I I ,  u m i I . ‘li me ’ l m u 1 l - ‘ c i  m l  I mu ’ l u _ i n  I i  - u mn-
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c’ q u n - n - l s  t h e  pe r iod  n - i l  t h e  p u l s e n - s .  Tin - is  m d  1, - u t  es t h a t  t h e  t u b e  w n - c s  , m , ’ t  h u g

n-I S n-i en - n -p -n - i c it ,i r , storing up c-har p - c- n-mad then d n - s c - in - r n - r n - n - n - in n - n - du n -ring then p -m isc - .

‘l’ imu s , i n c r e a s i n g  t ime v o l t ag e ’  n - m r  n - i n - n - c r e a s i n g  t im e’ ‘ - u m r r e n t  1 i n - - l i t  ing  r u - s  I s t n - n n - i

n - m i  - ‘ ‘n - c - u i  t i r e  n - r p i m n - m r i t n - i s  Lii m ” l n - n - m r g c -  n - n - n - u u r ’ -  r a p i d ly  n - m d  t h n - m s  i i n - n- - r ’ u ’ n - n - s c -  t i l t - p - m u Sc

r a t e .  By e- ons i den ing  the sy s tem as an R — C c in - n - m i t  w i t h  t in - c -  g l n - m s s  t ub e -

as n-n - c ap a c - i t o n  t i n - e n  t h e  t i m e - , t , to  change  the  c a p n - n - c i t o r  is

= —RC ~rm (—v—
) 

(36)

w:n - en r c ’  R is the load resistc r and C is the  t u b e  c n - m p a c i t n - n - n - a~- e n .  U s i m n - g t n - m s

t ime ptu l se  r n - t t n -’ , an a v c - n a g c n -  c e m n r e n - n t  vs v o l t a g e  c u r v e  n-c n - s obt a inn-ed n-m ci , n - ms

sh o w n  in Fig . 34 , p a r t ia l  a gr c e ’ n n - n - e ’ r m t  w i t h -  t i m e -  measured  n - u v e - n m g e - n- ’c m r r c n - m n -t sa n - s

o b t a i n e d . The t ip -wand d c - y i n - m t  ion ~n - I  t n - i , - meastirecl n-n-n -’c’r u gmn - ’ curren t n - n - cs li e’—

li eved  to be due  to  n-in n - m d d i t i o n n - u I e m i t t i n g  S I t e ’ f o rmed  n - mt  t i n - n - i t  n-’c ’l t n - i p - e- .

A tube  capa t - i t a n ce  of 8 p f was e a l c n - m i n - u t e d .

Time nm axim cum n - u n - c - r n - n - g e  c u r r e n t  m n - n - t ’ n - msu r , -d was 3. 5 r n - u- \  m t  12  k\ ’

and 1.1 f l u :  c u r r e n t l i m i t  Lag r e s i s t a n c e .  T h i s  c n - u r c e’ mn - t  en -is 5dm I I I c  j e ”it t n - u

heat t he  e x t r a c t o r  e ’i e c t r o d e  I - n- red g l o w .  T h m e m e l c n - r e  l n i g hc -r  i n - m u  n-ic Ire’—

qu m enc  ic-s were not  a t t e m p t e d , in - cu t tin -c-re is un - n - n - re mson t c i  b c - I  ie’’s’ en- t i m e -v i r e ’

no t  p o s s i h n - i e - . Tin -n - - sc -  st un - i  i c ’s we-nc - c a r ri e d  n - m u l l  i n  ~m v n - t c u u u m  ‘I n- t e n-

5 x 1 ( ) —  ‘ I n - rn n - n - I  t h m o t u g h  i n n -  Oflc ’ c- rn-u n- it ’ n - n - i r wn-us l t ’ n - m ke ’ ch u n - I  - t i n - c ’ t u m i n - e ’ t o

1 x I 0 t i n - c r  w i t h  no dc- I e t e n  in - m n - i S  c - f l  e’e t mm ri  t i m e  c- It’ d u _ c u l l  c’n n - u issimn - in -

3. 1cm Emission

Ton c-lnm iS n- icufl t’xhuibi tc ’th t imn m ’ m ’ men-tic’ s c ml  t n - p c - c a l  i m m u n - , n - i  c i . c

n-i c - t i c - , pu 1s t ’  m m m d c ’ , n - l l n - t h  b i n - n - l u  f r e ’ q n - u c ’ m n - c v  n - n - r u t h - . Time ’ p -n -u i S t  n- n - ic i c l e  t i n - i s  t i m e  ‘i , i i n - n - i-

ciu n - m r , c u t e ’ r j n - n - t  h e - s n - i s  t i - c ’ e l e c t noun -  I n - m u st ’ n-n-en-t in - ’ w i t h  the l mi I l m n - C I  t n -> -n- m i l l  l i - r e - m n - m m ’s :

lie p u u  1 Si’ is sr - i n - i I - n  • n - m b u m m u t  2 .2  n - n - m ,-\ , n - in t l  I he i n - m u  I s i  t i n  i n--u m m m m m s t  , u m n -  I t in  I V

1cm n - u  f n - m c - t u m r  . 1 mse’c . ‘ I ’ l u i s  sI I s — u t Iin - u - mm mi si - I t - n i ’v u I  I h u t ’  l i l t  n - u ’ mn - n--n-

~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  _ _ _  _ _
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‘ i m p - m n  n- I -i . Hun - I mn - I  t n - n - i ’  n m e n - u s m m m e ’ t i  mv -r i p - u - ( , u )  m u m - u i  , n - m i c m m l n - m t~ ’~i , m ’ - e ’ n n - m u n - m -
(in- ) -i c- m t  r u n  c - uur ce’ n I le u s im i g [q . h i u )  I run - n t  I i n - p u  iii n-~ m n- s-u

n - u m n - c m u l t ’ v n - m I  I n- u p - u -  n -us j um p - , m  50( 1 n-n- i c - n - m d  n m -s 1s t  o r .

0



uu c n - n e o a s l n - m n L  t r i p - g e-r ing n - n - I  t i m e s cope  win- i c- in- prcmhi hi ts t ime V i e n - w i  m u g  of - u

s i n g l e  i n - m i s c ’ . A v c ’ r n - m g e ’ c n - u r n e n t s  en - f  I - A t o  . 5  nimA we -c e ’  e mbt  m i n e d  d u r i n g

t he p c u l s c -  men - d c .

The d .c . n-n-ode wn--n-s oh tn -n-incd s-n - tin - in ,m uuannow rai n - -p -c’ of

curnem mt limi ting resistamucens and n-,ams Vt- ny sc -mn - si Live ten - c u - c - n - d c’ in n-u n - u i —

n- m n - n - c ’ . A v o l t n - m g e  ch i an mge  u s u a l l y  r e s u l t ed  i n  t li e ’ h i p -h I r e q u c -n c v  mod e

w h u i l e  l a r g e r  y e n - I t n - i n - c’ e’ i u - m n n - e-s re’smm l t ed  in tim e ’ puls e n - ’ n - i u dh e n- . T i m e ’ d . c

n- n-1, n - n - h~’ c n - c u l d  n - n - c u t  be m n - m i a t n - m  j u n - c - cl  f o r  p e r i o d s  i n - m m - n - e r  t i n - n - t i n -  n-i n - n - n - ir n - uut e- . Th is

mn - n - dc - o c c u r r e d  f r o m  9 .8  kV to  1 1 . 5 in - V ~n - r u n -n - l n - m c - i a p -  n - i c - t n -n s t n - u u m l c n - c i r n e n t i l  m n - I

70 t u n -  140 .n - \ .

‘I ’m— c- h i  p-h I nc- q t u e a e -  v n -nod e ’  n -m ppea  r ed win - n - n - n  a s n - u i I I V u n -  i t  n - u p - c’

e ’hn - i i n - c n - e’ to n -u k in - i n - it ’d’ t in - m r m g then  c i .  n- . nu n-dc ’ n - j n - c ’ r n - m t  i on .  T h i n - i  n -mode exl n -  i h i  t cc l

n -u mn -n-n -nun i In - n -mm hip-lu I re ’ q c m e ’ r n - n -’ V s I p - n u n- I . G e n u n - c -  c - i l  I n- t ime d .c .  . n - mmmd en dc ’ n - n - , ’ n r c - r ’n - m t c d

l n t n - n -  t h e  h igh — f c c ’ q e m e mn - n -’n-’ n - n - e c h c -  w i t i n -  t I n - n - m e’ n - m u ’  vim1 tn - u p - c’ ch n - mn n - uie .

‘[‘he important Ic - , m t m m n t ’ n - s I Lime ion  e m i n - - n - s i t m n - 1  n - u p n - m c , u r e e i  1 c m  m c

t in - c ’  n - - n - i  i u u e  of  t in-cs c m - m ea t  I i n m i t i n g  cc-s i s t n - m n n - c e’ . l i n t  d . c .  n - u n - t i  l u i g h  1 m m - —

q n - u c - nn- -v  n - n - r i - t i m ’s w e r n - ’ sc ’m ’’ l  o n l y  w i t  in- n- n - 10 n-i - I j u n - i i t i n u g  re ’ s i s t n - u I n - c c-’ . l i me ’ ke’v

I ’ m  m i h t n - n -  i n  l i m p -  ci . n- . mon-Ic w I tim c’jI her c - i c - c I r n - - m n -  oc in - n - m i m n - n - i n - n -n--n- I m u —  s e c - i r i s 1 m m i n - c ’

i i i  t ime ’ e x I t - r a i l  c - I m u i u u j 1 n - i n c h  f l O Z Z I c ’  n - u ’u n - n - i m ’ t n y .  n - - l i ’ r m ’ ce -c - c - n t  e ’ n - ’ n - j u m ’n i n - ic - t n - I s

with ftc’ en-m i t t m , ’ T ’ c - u n - t n - I  I - i m r , m t  it - rn - shen-win- iii F i g .  28 ( c ’ ) n - I n - n - -  n m - n -n -- p - i n - ’  u n - n -  ‘ i-mo n

sl u h i e ’ d .c. [m m mi c - n - ’ i l s s l u m i l  u - n - - c - n  n - I w i d e n  r u n - m n - n - i- i - I  i - m a i l  n m ’s l - I  i n - l e e ’ . 

— 



C.  D i s c u s s  ic -in - n - if R e s u l t s  n -n -n d C o n t - lu s i o i u s

f i n -  b o t h  t i m e ’  e’ 1 c c ’ t noun -  n - n - m n -el ic -n n -m o d e ’s  i t  I ‘ n - u n - -  r~m t ion  n - n - s n m , m l l  p - cu  jun -I

sen- u rn -- c’ of b lu i c’ 1 i p - h i t  C n n - n - i n n - i t t ’ s  fru m n - n - n - tin -en tip n - n - f the p - n - i c u r i e - . Ti m i ~ is n - mum

im -t d i en - a t i o n  t h a t  c i  ectronic c-xen- i t a t  ien -n n - n - I  t i m e  (n- ,t  o c c m m r s  d u r  i n n - - . - t h i n - ’  c -mn - mis -

s ion n - n - r e m c  en-SS .

From the’ f a c t  t h a t  on I v  n-i p -u 1 n --med m n - n - , m n - I , - o f  o pn - ’ rn - u t  i n - n - t m  h u n - i s  in - c - c - u n -

observed  w i t h  e l ec t r o n  cr u n - i s s i u m a  i t  n - t p p c - n - i r s  t h a t  t h e n  e l e c t  n -sI n - I  h - - n- n-n - r c e ’ n -~

c ain -sc ’ t ime I iqn - u id cone ain -ex t o  a m - p - m e n - n - n - n -- i n -  n - in i n f  i i n - f t c - u  v s n - n - a l l  jn -c i n n - I . Tim i s

j i m tn - t r im , l ead s to n - n - mn - inc r e - m s  lag I j c ’hd n -t un - d , me - m n - c e ’ , c -m i t  I e d  c i i  cr c- mn - I

Ac - co rd  ii — I v  t i m e ’ e n - u r n - m d  is hen--n -ted b~’ cl c~c t nn -n -n—piuc n-nct u~ c- r n - c-n p-v e’xc- n - mn - u un - n - e-s e n - c  h e l m

i n n - - r n - s n - u s e -  t h e ’  t i p t e m p - c - m n - n - t u n e  u n t i l  t i n - c -  v a n - n - o r  p m e s s n - u r c -  en - f t ime ’ (n -a is

s n - m f f  i c  ic - mn - I  ly  h u m -  In- 1 m m  f ’ m m n n - i  n-u p ln -u s m - a  t h a t  n-u , m n - u c m r i z e s  n-u s a n - i l l  p - m n - n t  i , m m n -  c u t

t h e ’  c - m i  t t , ’r  n - n - r n - el c an -uses  n-i l a rge  e ’l e ’m ’ t n o n n -  p u m l s e  t n - n -  p r - u p - c - n - i t t - :m c r n - n - s S  t i m e ’

e l i o d c - .  Nu ’ n - - n - t tin -c ’ t i p e n - f  t h e  l i q u i d  n- - n - u r n - n -’ r n - - fu n - ru i n - s  and t i n - e n -  I n - r u n - t e s s  r c - n - n - c n - n - t  5 .

Ti me c ’r n - t~r n - n - ’c ’ e - x n - ’ h n - - u m n - n - n - t- I n - r u n - s n - m e’S , i t t c ’ r n - d i a g  l i t _ I d  t in -m i ss i c - mn - , whu h u h

- 3-i -i n - ave  b c - c - r n  s t n - m d ic - mI  p r u ’ n - ’ i o u u s i  n- , c - a m u s e  t h i n - ’  t m _’ m I n - n - ’ m’, m t m m r t ’  c u t  I l i e ’ t n - I n -  I 
-

r u ’ l a t i n - ’ t ’ t i n -  t i m e  t c - n i n - I n - c’ n , i t m u r c ’ l~ n- it tire’ h m s t  m n - i  time ’ cc - mn - c - I c -  v n - c t ’’, , i n - t m u t c l  l u m p -

1 mm

— = 
k !  - c t  

- 
n- u 1 - ( I  

~~ 
- -  ( I )  (I (

cm ~‘, ~ n-~ / \ cr/

wh im -nt - E I n-c t ime I hm c ’rn nta I n--c- un - d u d in - u ii n- , m u (t ) i s l i m e ’ c - I n - ct r Iu ~. uI n ‘ - I s m  i v i t  V

r i s  t i m e , rn - m d j u t s  i u l  t hue’ m ummum ’ un t ime- i n - m u i nn - I m u I I m m m t n - , ’ n - ut I m m u m mulch j m  i n--n-

c i h u n - m n - - m n - n - - u  l i - n i  i m ’ s s  p - m e n - m t c-c p - i n - u - m r  In -n - -

in - = 
k i ’ 

~

I i n s t  l u ’ r m mu I n n -  b - n - g . (17 ) In - i l i m i t ’  I i  s c m — c u i t t , ,  ‘“ , m~ i h n - m n -’h u ,i n - ’ u bc - n - n -  i n n s ’’ i ntl

‘-n - i ’ m - m i ~ n - l  I c - r n - n  i n-—u ch u m ’  I ~m t i ’ ’ -, n - n - I  m - 
- - h u m - _ i l  i n - m n - ’ . I - n - u  ‘ - i - - - n- - - -

_  
~~~~~~~~~~~~~ --- -~~~~~~- - ~~~~~~ - _~~~~ ---~~~--- _



u n - i v e n  v a l u e ’ c m l  l —T t ime e m i s s i n -m a  e n - u n r e a L  I m ere -n - mn - -mn - -s  w i t h  c cmmn - e half- 0

c n n - n - n - I c ’  r . n - \ nh n - itrn -mr il v takjng a T value for a vapor  p r e s s n - mn e  of  lO~~

I c u n m , n-i v a l u e  of I / c r  = 1. 1  n --n - I n - h -  \ / u ’m— m ’n- me l  i s  n - h t  n - n - i n c - n - h  l en -n d i .  I n - u n - u s ,

I = ~~~ n - m un - d n = 501) A n - u n - n - i  I m -  c r 1  I = ill mrc-\ is n - m b n -t n -mim tc c i . S l O d e ’ L c 1 . (17)

i n-i c i e c i n - n -’ci Ic-n a n-- rte ’ ,uciv state ’ c m n - u m d i l  ion -  i t  is run - mt l i k e l y  I m u 
~n- in - l u , t n - m  n - - t n - n

c n - i S c’ n - - l i e - r e t n - i c  i n - r u l s e ’ s-i dt l m is -n- l0~~ s,-c. T h i s runc -n - mm n - s e n - c n n -  h i g h e r  c ’ n - I c

n c - r n - I s  mn - un - m v I-c ’ n - n - in - t n - i inn -m i- ic - dm m r i im p - slut -mt I n - ill sn-’s , s’lu ic -i n- is inn - I n - u ’ I I ctuc-

In C e n - m u t  n n - u s t  , t i n - ’_’ icn-u n -  n - -rum i sn-u ion n - n - en - dc’ c x l i  i b i t s  n - n - n - n - t a b  I e’ tic miuc idc-

n - n - f  o p - n - - r n - u t  ion. A in - pn - n - rc - rn - t lv , u n d e n c  c e r t a i n  c ommd i t  icn-ns , t n - i c’ comic’ ape x

r a d i u s  i s  p m-~ ’ n--’c -ntec1 f n c m m  b e c n - n - n - n - mi mu -g i n f i n i t - - l y  s ma l l  i — n - - t i m e  s i m n - u l t , m n n - e’c u n - u s

nc-un-n-oval cmi mater i n - il by f i n - -  ici e ’v a h n - cm rmI ion. Tim is 1 cal is tn - n - a st c ’n - u d v sIn - i t t

cc-nd it in - n - mm w h e n  cc-by t in -c  u n - u n - m e ’  m n - m a i n t a i n s - i  i t s e l f  n - u t  n - i n-- c m n s t n -n - m m t  n - upc - x  r n - t h i n - n - s

I-v supp ly ing un-m n - mtc’rin - n -l tn -n - t ime u’m m n - i i t l n - ’ m ’  n - t I n - o x  n - n - I n - i r , clu ’ c u n - u m u l  tn - n - ri -i n - n - m n - n - - al In -v

I i t -Id evrm [n-orn-ut [mn - in - .

Fn-u t tune St m m c lv w i l l  be di  n c - u t  c - n - i  a t  cic ’ term hum imug the n - n - i n - I imn - nn - u m nm

s o u r ce  cc - al ig n -n -mn -ut ic-n fe -n I c-ag life ’ n - n - pc- n i t ic -mn - n- ti n- el t i m e S n- m n g u u  I c r  n - n - mi d c ’u n -cm rp -v

d is t r i b n - u t i c - n  t n - f  l i m e ’  e’ n - n - u l t t c ’ e i  h u n - n - s  n - inn - cl c ’ i e ’, t r , u n u s .  

—- -  - -_
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1 - 3 .  C .  Tn -m v l n - n - m , P c c m m - . R o y .  Son - - . ( I _ n - u n - d o n )  n- ’\2 8 0 , 38 1- ( l i u i u c )

3 4 .  I , .  14. S w n - i u s c n - m n -, I . .  C .  C r c m u u s c ’ c n - m m n - e I  I .  N .  C l m n - c n ! n - c m n n - n u  i c -c , P h u v ’ - n - . Ri-v. 1 5 1 .

i 2 7  ( 1 9 6 6 ) .
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